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The Fifty-Seventh Meeting of the 
American Astronomical Society 
By DEAN B. McLAUGHLIN 


On invitation of Professor Leah B. Allen the American Astronomical 
Society held its fifty-seventh meeting at Hood College, Frederick, 
Maryland, on Monday to Wednesday, December 28 to 30, 1936. Previ- 
ous to leaving Ann Arbor the writer received an official-looking envel- 
ope from Miss Allen. It contained a map of Frederick, showing points 
of interest, and all the college buildings, including the infirmary ; it also 
contained bus schedules in case the car became too infirm to proceed. 
Neither Miss Allen nor the Secretary mentioned the fact that a railroad 
actually has service (so-called) to Frederick, to the extent of one train 
per day each way. Probably they believed that the less said the better. 

The memory of a journey to Princeton through a blizzard a year 
earlier was still sufficiently fresh to furnish grounds for some misgiv- 
ings in starting on another auto trip at the same time of year. The 
navigability of the roads, however, exceeded expectations, so that the 
writer and Dr. Williams arrived quite early Monday afternoon, instead 
of in the evening. 

Frederick is situated in a limestone valley only four or five miles east 
of the fault escarpment of Catoctin Mountain. In the general vicinity 
of the town the Johnny Rebs and the blankety-blank Yankees marched, 
countermarched, skirmished, and fought several pitched battles. But 
that was in the 1860's, so it was something of a surprise to find in- 
trenchments across the highway at the outskirts of Frederick. A flank 
movement to the north brought us to the college gate, but the last block 
of pavement appeared to have been under artillery fire. This would 
have been avoided had we remained on streets shown on Miss Allen’s 
map. Our arrival at such an early hour took the local garrison by sur- 
prise and gave us the doubtful distinction of being first on the scene, 
except for a reporter. The Secretary and Mrs. Duncan arrived a few 
minutes later. 

After signing the register of the Society, depositing our luggage in 
our room in Coblentz Hall, and buying meal tickets, we decided to go 
to Washington, only forty miles distant. There we paid a visit to Cap- 
tain Hellweg at the Naval Observatory, and Mr. Browne showed us the 
Ritchey-Chretien 40-inch reflector. 

Returning to Frederick in the evening we found that most of those 
attending the meeting—except for Washingtonians—had arrived and 
were evidently very much at home. The only formal item on the pro- 
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gram that evening was a meeting of the Council in the Observatory. In- 
formally, the Observatory was open to the visitors, and later on coffee 
(for those who could “take it”) and Sanka (for those who couldn’t) 
were served on “the deck” in the basement of Coblentz Hall. ‘The 
deck” is a recreation room on the walls of which are painted a ship's 
rail, an ocean with white-caps, and a couple of liners. 

The visitors occupied rooms in Coblentz Hall and had all their meals 
in the dining room in the same building. Some of the young men in the 
Society stated their intentions of finding out the home addresses and 
telephone numbers of the regular occupants of their rooms. No reports 
on the results of these researches are at hand. 

The first session of the Society opened in Alumnae Hall at 9:30 
Tuesday morning, with President Russell in the chair. President Henry 
J. Stahr of Hood College welcomed the Society and offered to do any- 
thing he could for the visitors. It appeared, however, as Dr. Russell 
pointed out, that everything had been done already. The presentation of 
papers occupied the remainder of the morning, and at the end of the 
session, just before lunch, the usual photograph was taken. 

Another session for papers was held that afternoon, which was ad- 
journed before 4:00 o’clock, at which time the astronomers were guests 
of President and Mrs. Stahr at a reception and tea in Meyram Hall. 

At the Society dinner that evening the astronomers feasted on roast 
turkey and ice cream. A unique and delightful feature of the dinner 
was the singing of negro spirituals between courses by four members 
of the kitchen force. Miss Stahr recited a poem on “Learning Astron- 
omy” (apologies if the title is in error) which was well worth including 
at this point, if the writer could remember it. After dinner motion pic- 
tures of life at Hood College were shown. 

At the conclusion of the show the members adjourned to the parlor on 
the second floor of Coblentz Hall where they engaged in a variety of 
activities. Some helped,—or tried to help,—identify faces in the photo- 
graph. Small discussion groups “mulled over” astronomical techniques 
and results, and others just talked. Van de Kamp played the piano, and 
for a few minutes there were at least three couples dancing simultane- 
ously. The discussions were not finished until after midnight, which 
proves something,—probably just that astronomers aren’t in the habit of 
going to bed early. 

Another session for papers was held Wednesday morning. At the 
conclusion Mr. Stokley presented a resolution of thanks to President 
and Mrs. Stahr and to Miss Allen. After lunch it was amazing to see 
how quickly the crowd thinned. A special bus carrying members to 
Baltimore left immediately after lunch, taking most of those who were 
going to Atlantic City (to attend the meeting of Section D of the A.A. 
A.S.) or whose homes were east of Frederick. Dr. Williams and the 
writer were dismayed to find that they were almost the last to leave, 
another doubtful distinction. 
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The weather, which had been warm for December, held out with little 
change throughout the meeting and the return trip. Something approx- 
imating a London fog was encountered in the mountains of Pennsyl- 
vania that afternoon and evening. As an additional hazard (which was 
successfully passed) we were twice halted by Pennsylvania state police, 
—not for speeding, but merely as murder suspects. 

The number of papers on the program was thirty-three, including two 
read by title. Among those of rather unique character was one by G. F. 
Watson on the nature of Eros, which is possibly a brickbat tumbling end 
over end in space. Fath discussed the multiple variations of light and 
velocity of Delta Scuti. Slocum showed how radial velocity, by shifting 
lines off the second slit of the spectroheliograph, affects the apparent 
form of prominences and flocculi. Some photographs of nebulae taken 
in blue and red light with a Schmidt camera were shown and discussed 
in a paper by Struve. 

J. Q. Stewart presented a paper by himself and Panofsky on “‘con- 
trolled loading.” At the Princeton meeting his experiments with a rou- 
lette wheel were a source of perplexity to one member who came in dur- 
ing a demonstration (PopuLAR Astronomy, 44, 59, 1936). This time 
he referred to the method of computing as involving the drawing of 
numbers out of a hat. The writer was sorely tempted to ask him if he 
could draw rabbits out of a hat, but decided to save the remark for these 
columns. The subject under discussion was the qualitative representa- 
tion of the sunspot numbers; the attempt was evidently successful, for 
all the typical forms of irregularity, including long and short cycles and 
high, low, and double maxima were obtained. 

Miss Moore reported on identifications of solar lines, and placed the 
number of elements definitely identified in the sun at sixty-one. Burns 
presented a paper on the infra-red solar spectrum. Laboratory spectros- 
copy was represented by papers by Kiess and by Meggers and Hum- 
phreys Hall discussed some spectrophotometric results on stellar spectra 
obtained with a photoelectric photometer at Swarthmore. 


Instrumentation came in for its share of attention. Smiley discussed 
the construction of a Schmidt camera, and Mohler described a photo- 
electric Geiger-Muller counter for stellar photometry. In a paper by 
Whitford and Kron a device for photoelectric guiding was described. 
Stebbins, who presented the paper, evidently believes that the job of in- 
venting it was as nothing compared with that of selling it to astrono- 
mers,—along with an electrical engineer or two to find out what is 
wrong if it fails to work. 

The Council held two meetings for the transaction of routine busi- 
ness, including the election of seven new members and the approval of 
the “slate” for the election of officers next summer. 

While the astronomers were attending the sessions for papers, their 
wives were taken on a conducted tour of Frederick under the direction 
of Mrs. Stahr. They thus succeeded in seeing numerous places of his- 
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toric interest and avoided the boredom of so many technical papers. 

The meeting was distinguished by a lack of outside distractions which 
are all too common in city meetings at which the members live in hotels, 
and especially at meetings of the A.A.A.S. where other societies compete 
for the members’ interest. It is a relief from such hectic situations to 
attend a meeting at which the Society is under one roof and all have 
their meals in one place. A contributing factor to peace of mind at the 
Frederick meeting was the relative shortness of the program. This left 
time for discussion, and the rigorous limitation of time of presentation 
of papers was not necessary. The writer is able to say that for once 
(the first time in years, so it seems) he really managed to understand all 
the papers. It is hoped that statements in preceding paragraphs will not 
belie this one. The attendance was larger than expected, as there were 
approximately one hundred present. Apparently Atlantic City was not 
too formidable a competitor. Personally, the writer would prefer Fred- 
erick any day; New Jersey seashore topography is too flat, and Pleisto- 
cene and Recent geology are most depressing. 

The next meeting will be held at Williams College in September, 
1937. 





Meeting of Section D (Astronomy), 
American Association for the 
Advancement of Science 
By E. A. FATH 


The meeting of Section D was held at Atlantic City, New Jersey, on 
December 30 and 31, 1936. In the absence of the section Vice-President, 
Dr. Frederick H. Seares, the retiring Vice-President, H. R. Morgan, 
presided. 

The session on December 30 was a joint session with the American 
Meteorological Society, a fitting arrangement since fog and rain were 
the order of the day. The program consisted of papers by H. H. Clayton 
on Long Period Weather Changes and Methods of Forecasting, by H. 
F, Gillette on The “Two-Year” Cycle and its Harmonics, by Dinsmore 
Alter on A New Form of Periodogram Analysis and Comparison with 
Previous Forms, by Warren M. Persons on Correlation and Causation, 
by Harlan T. Stetson on Some Possible Cosmic Factors in the Distribu- 
tion of Atmospheric Ions, and by R. Wexler and C. F. Brooks on Meas- 
urements of Ultra-Violet Radiation on Blue Hill, Massachusetts, and 
Mt. Washington, New Hampshire. A movie film from the University 
of Michigan entitled Motion Pictures of Solar Meteorology concluded 
the program. 

The next session was strictly astronomical. The program consisted 
of the following papers: 
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Small Variations in the Light of Certain Stars by E. A. Fath, On the 
Displacement of the Zenith as a Function of the Moon’s Hour Angle by 
Maynard F. Jordan, An Infra-Red Stellar Survey by Charles Hetzler, 
An Investigation of the Relation between Fadeouts of High Frequency 
Radio Signals and Bright Chromospheric Eruptions by R. S. Richard- 
son, Apparent Seasonal Effect in the Variation in Longitude by Harlan 
T. Stetson, Recent Improvements in the Time Service at the U. S. Nav- 
al Observatory by Paul Sollenberger, and The Total Solar Eclipse of 
1936 by Henry Hemmendinger and Donald Menzel. A movie was also 
given at this session on the Casting of Palomar’s 200-inch Disc by Her- 
bert C. Nichols. 

The last program was presented at a joint session of the sections on 
Mathematics and Astronomy. Three papers were read—The Mechani- 
cal Solution of Simultaneous Algebraic Equations by J. B. Wilbur, A 
Conceptual Theory of Atomic Structure by G. D. Birkhoff, and the ad- 
dress of the Retiring Vice-President of the Section on Astronomy, H. 
R. Morgan, who spoke on Some Problems in Fundamental Astronomy. 

The scientific exhibits at the Atlantic City Auditorium were of the 
most varied character. New books, new instruments, and new methods 
were in evidence. The astronomical exhibit included displays illustrat- 
ing the work of various observatories. A model of the 200-inch reflec- 
tor probably attracted the most attention. 

A dinner for the members of Section D and invited guests on the eve- 
ning of December 31 brought the meeting as well as the year to a close. 





Sand-Craters and their Possible 
Significance’ 
By P. O. MACQUEEN 


1. It is the purpose of this paper to explain the laboratory-method in 
which “sand-craters” are made to occur and to point out some of the 
possible conclusions which may be drawn from this relatively simple 
experiment. N. EH. Heck, Chief of the Division of Terrestrial Magne- 
tism, United States Coast and Geodetic Survey, has joined with me in 
this discussion and has advised me of several important comparisons. 
Perhaps, however, the subject has already been published and the fact 
will be quickly brought to our attention. In any event we have not seen 
it in print and we wish at this time to submit it to criticism in order to 
bring out the true conclusions, if possible. 

2. “Sand-craters” or sand-rings, as they might be called, are ob- 
served under certain conditions in nature where an upward jet of water 





*Published July, 1936, by National Research Council of The National Acade- 
my of Sciences, Washington, D, C., from Transactions of the American Geophysi- 
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passes through a bed of submerged sand such as might occur on a very 
small scale in the case of a spring with a fine, clear sandy bottom. In 
this case the action of the vertical water-currents through the sand cause 
small craters or rings of sand to form on the bottom of the spring and 
these rings have the appearance of minute flat volcanic craters. Due to 
tle fact, however, that the surface is submerged, the sand ejected by the 
jet is conveyed a short distance away from the center of jet and deposit- 
ed in a ring or circle around the center of the disturbance. These rings, 
however, have a flat saucer-like shape and are decidedly different from 
the normal volcanic crater-shape as explained later. 

3. My first experience with sand-craters was in connection with the 
large slow sand water-filtration plant for Washington, D. C. I was in 
charge of this plant at the time and was engaged one day in the inspec- 





Figure 1 


LABORATORY APPARATUS FOR MAKING 
SAND CRATERS UNDER WATER 


tion of one of the filters which had just been cleaned and which was 
being put back into service. The customary method of doing this is to 
first allow the water from the filtered-water reservoir to reverse its flow 
up through the clean sand until a depth of several inches above the sand 
is obtained. The water in this particular filter was just in the process 
of bubbling up through the sand in many places and I was astonished 
to see that each little water-bubble in the sand was in the center of a 
small shallow crater about four inches in diameter and one inch deep. 
These sand-craters were obviously the result of the upward flow of 
water through the sand. The most interesting thing about these forma- 
tions to me at the time was that each crater was a perfect circle and that 
the circumferential ridges were of uniform height. I watched them 
form for some time and then decided to make some laboratory experi- 
ments with these sand-craters. 

4. The laboratory-method of performing this experiment is very sim- 
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ple. A watertight box of any convenient size such as three feet square 
and three feet deep is first obtained and filled to within about four 
inches of the top with fine clean sand. Next a water-jet consisting of a 
small bent pipe is embedded in the sand in the center of the box with the 
orifice of the pipe about six inches below the sand surface. This pipe is 
connected to the water-supply with a small hand-valve near the box so 
that the flow of water may be easily varied. A waste pipe should also 
be provided on one of the upper edges of the box so as to provide for a 
suitable overflow. The box may now be filled with water to a depth of 
several inches above the sand which should be smooth and level and the 
experiment may be started. General arrangements are shown in Fig- 
ure 1. 





Figure 2 
TypicAL SAND CRATER 6-INCHES IN DIAMETER, 
MADE UNDER WATER. 
Camera at 45 degrees angle. 


5. By opening the valve slowly a small amount of water is allowed to 
flow up through the sand from the pipe-orifice and the ejected sand im- 
mediately forms a small circle around the center of water-disturbance. 
This sand-circle soon builds up to a height of about one inch and the 
diameter and height of the circle become fixed for the flow of water 
used. With a little experimental work “sand-craters” of various diame- 
ters and heights can easily be formed. The dimensions of the “sand- 
craters” are changed by the velocity of flow, the depth of water above 
the sand, and the depth of the pipe-orifice below the sand. The larger 
circles occur as may be expected with the higher velocities. It is inter- 
esting to observe the suddenness with which the craters occur, the per- 
fect shape of the rings, and the sharpness of the circular edges. Figure 
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2 from photographs which were taken by James McQueen, Civil Engin- 
eer, shows the general shape of the “‘sand-craters.” Secondary rings of 
sand occur outside of the principal ring as shown in Figure 2, but these 
are always much smaller than the principal ring. 


6. The explanation for these phenomena is simple and obviously it is 
the result of the circular wave-action radiating out from the water- 
bubble. The water-jet pushes the fine sand up from the center and the 
circular wave deposits the sand at a uniform distance from the center of 
disturbance. The exact mechanics of these rings involving the peculiar 
sharp-crested shape of the circular edges is much more complicated. 
The secondary rings are hidden by the principal ring and remain much 
lower in height. The laboratory-experiments are made with small 
“sand-craters” of from six to twelve inches in diameter but it is readily 
possible to assume that “‘sand-craters” of from six to twelve feet in di- 
ameter would be formed by much larger water-jets and thicker sand- 
deposits. Using the ratios of sand- and water-depths as determined by 
the small-scale experiments we may assume in a general way that a 
“sand-crater” as much as twelve feet in diameter would be formed with 
water about two feet deep, sand about four feet deep, and a large sub- 
surface jet of water at least six inches in diameter. It would be very in- 
teresting to perform the sand-crater experiments on a large scale and 
determine whether it would be feasible to obtain large craters such as 
this in the laboratory. 


7. The step from the small 12-inch diameter “sand-craters” to the 
large 12-foot diameter “‘sand-craters” is one which is relatively easy for 
our imagination to take but the question which follows next is far less 
obvious and one which involves considerable doubt. We may ask natur- 
ally if it would be possible for a condition to occur in nature which 
would cause a crater of sand or other material as great as 1000 feet or 
even many miles in diameter but it is hardly possible to assume the con- 
ditions on the earth under which they would occur without resource to 
volcanic eruptions in which the disturbance would be caused by jets of 
hot water, gas, steam, or lava. The most important significance of these 
small laboratory-model “‘sand-craters” is their striking similarity to the 
volcanic craters on the surface of the moon and this comparison will be 
discussed first. Thousands of clear-cut photographs of the moon-craters 
are easily available and a few are pictured in Figure 3 for comparison. 
The main features of this striking similarity of the moon-craters to 
these small laboratory “‘sand-craters” are the true circular shapes of the 
crater rings, the flat saucer-like shape of the craters, the uniform height 
and sharpness of the crater-rims, and their equal elevation above the in- 
side and outside of the crater. 


8. Astronomers have noted the peculiar shape of the moon-craters 
for many years but even at this time they are not in agreement as to ex- 
actly how they were formed in the past ages. Various theories have been 
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presented but none have been universally accepted. One of the theories 
frequently expressed is that the surface of the moon was bombarded 
with thousands of meteors while the surface was still partly plastic and 
that the craters were caused by this bombardment. This theory is open 
to many criticisms the main one being that such a bombardment could 
not by any possible means cause the true circular-shape craters which 
we can readily see with the telescope. Another criticism to this theory 
is that the earth itself would have been subjected to this same meteoric 
bombardment and we have evidence that this did not occur. The mete- 
oric theory of the origin of lunar craters is not considered as being one 
which can be readily accepted. 





Figure 3 
TypicAL LUNAR CRATERS 


9. A second theory of the manner in which the moon-craters were 
formed is that they occurred in much the same manner as the volcanic 
craters are now occurring on the earth. Here again this theory is faced 
with the sharpest of criticism as the moon-craters are in general entirely 
different in shape from the volcanic craters on the earth. The lunar 
craters are flat saucer-shaped rings from five to fifty miles in diameter 
with uniform rings whereas the typical earth-crater is a deep irregularly 
shaped depression at the top of high cone-shaped mountain. This differ- 
ence is so marked that the second theory of the formation of the moon- 
craters is not generally accepted any more than the first one mentioned. 
Small sand-models of the formation of volcanic earth-craters are fre- 
quently made in laboratories by blowing a current of air up through dry 
loose sand and the resulting cone-shaped craters are quite similar to the 
typical volcanic craters on the earth, such as Vesuvius or Fujiyama. 
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10. The third theory given for the origin of lunar craters is that they 
were caused by the bubbling up of gas to the surface of the moon while 
it was still in a partly plastic state. These immense bubbles were as- 
sumed to break and the central portion to fall back Jeaving a ring of 
material. This process may have been repeated many times resulting 
eventually in immense circular-shaped craters. The lunar plains or seas 
were then assumed to be caused by molten lava escaping from volcanic 
jets. 

11. The fourth theory is that the lunar craters may have been formed 
by emission of molten lava from vents in the moon’s crust, due to the 
tidal force of the earth on subsurface lava-pockets on the moon. This 
molten material may have been alternately pulled out and then drawn 
back by the tidal forces and it is possible'that rings of material may have 
been left after each period of lava-emission. These rings may have 
been gradually built up by these pulsating lava-emissions with the large 
circular craters as the final result. 

12. Each of these theories has been discussed many times by astrono- 
mers but there has not as yet been any“agreement as to which theory is 
the most logical. The striking similarity of the small laboratory “sand- 
craters,” described in this paper, to the lunar craters has been mentioned 
and it is possible to develop a new theoty of the origin of lunar craters 
on the basis of this comparison. In order to attempt this comparison 
it is necessary to review present conditions on the moon’s surface and 
draw a picture if possible of another way in which these thousands of 
circular moon-craters could have been formed. 

13. In its present condition the moon is known to be an entirely dead 
planet without air, vegetation, water, ice, or internal heat, and its sur- 
face is generally assumed to be a loose, porous lava-formation. There 
are no winds or air-currents and the all-moon craters and other forma- 
tions retain their sharpness of outline indefinitely. The force of gravity 
is only about one-sixth as strong as here on the earth, and the effect of 
forces on the moon would therefore be far greater. In the past ages 
the moon was intensely hot and gradually cooled off so that we may as- 
sume that at one time its surface was covered with molten lava. This 
surface layer may have cooled off first to a great depth and the steam 
and other gases may have condensed and changed to a fluid to a depth 
of many thousand feet, leaving the center of the moon still intensely 
hot. Contraction and still further cooling of the moon’s surface would 
cause volcanic emissions of gas or lava below the surface of the fluid 
and these eruptions may have caused the thousands of circular craters 
on the moon’s surface in very much the same manner that the small lab- 
oratory “sand-craters’ were formed. The striking similarity of the 
saucer-shaped model ‘“‘sand-craters” with the present moon-craters has 
been mentioned. Instead of sand, however, the material in the case of 
lunar craters would be large and small pieces of lava which would be- 
come solidified after emission from the central jet. Due to the differ- 
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ence of gravitational force on the moon and the relatively high trans- 
porting power of a fluid which varies from the third to the sixth power 
of the velocity, it is possible that this ejected material would be carried 
to a great distance from the center of the disturbance and deposited 
under the surface of the fluid in a ring from five to fifty miles in diame- 
ter depending upon the force of the central jet. 


14. To continue the picture, however, we must explain, if possible, 
the disappearance of the fluid from the moon’s surface and we will have 
to assume that it was gradually lost into space due to weakness of the 
moon’s gravitational force or that with the ultimate cooling of the moon 
is was gradually absorbed into enormous voids in the moon’s center. It 
is possible, of course, to draw other mental pictures of the formation of 
these moon-craters by assuming eruptions through very thin molten lava 
as the fluid-cover but the one presented appears to be the easiest to 
visualize. 

15. As a possible important point of significance of the experimental 
laboratory “sand-craters” the conclusion is here offered that lunar cra- 
ters may have been originally formed by submarine volcanic action and 
that they possibly occurred in the manner described in the preceding 
paragraphs. 

16. To come back to the earth again, however, the question is raised 
as to whether the model “‘sand-craters” have any significance as far as 
earth-formations are concerned. Some study has been given to this 
question and with one possible exception there do not appear to be any 
large-scale earth-formations which have a definite resemblance to the 
model “sand-craters.” Volcanic formations on the earth are the result 
of eruptions of lava or cinders in free air and the cones are hence entire- 
ly different. Some few earth-craters such as Mauna Loa and Crater 
Lake have approximately circular shapes but they fall far short of be- 
ing like the clear-cut, saucer-shaped laboratory ‘“‘sand-craters.” Earth- 
quake-emission of mud and sand have been observed but these also fail 
decidedly to resemble the “‘sand-crater’”’ models. The well-known large 
meteor-crater in Arizona, which has been described in detail by Dr. 
Clyde Fisher, is different in origin entirely. 

17. The single known possible exception mentioned above is the very 
interesting formation known as the Carolina “Bays” which have been 
described by F. A. Melton and William Shriever in the Journal of Geol- 
ogy in 1933. The authors give complete descriptions of these large 
rings or bays near the coast of South Carolina which are from half a 
mile to a mile in diameter and suggest as the most logical hypothesis of 
origin that they are the result of meteorite scars. The semi-elliptical 
shape of the craters and other facts seem to make this hypothesis a very 
logical explanation. 


18. It is possible, however, to visualize a manner in which these Caro- 
lina “Bays” could have been formed in practically the same manner that 
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the small laboratory “sand-craters’’ were formed and to do this we again 
attempt to build up a series of conditions which might lead to this origin. 
We know that at one time this region was under water and possibly sub- 
jected to strong tidal currents of a fixed direction. We may also assume 
that volcanic emissions of gases or hot water might have caused many 
large centers of disturbance in this vicinity. These conditions, together 
with the sandy soil would possibly be the cause of these large shallow 
elliptic craters. The extremely low height of the rims would have to be 
explained by extensive subsequent silting action. The double and triple 
rims in the case of some of the Carolina “Bays” agree also in general 
with the smaller secondary sand rings which occur with the laboratory 
‘‘sand-craters.” It is realized that this hypothesis of origin of the Caro- 
lina “Bays” is subject to many criticisms but it is offered as another pos- 
sible explanation of these interesting and unique formations. 

19. In conclusion the statement is again made that this simple labora- 
tory method of making “‘sand-craters” may have been presented by other 
writers, and if this is the case apologies are offered for not mentioning 
their names. The similarity of these “sand-craters” with respect to 
lunar craters is considered as quite important and definite although the 
conditions surrounding the origin of the lunar craters may have varied 
to some extent from the method presented in this paper. It is suggested 
if possible that experiments with “sand-craters” be continued on a much 
larger and more complete scale than described in this paper as the com- 
parisons will surely be found to be both interesting and valuable to the 
science of geology and astronomy. 

War DeparTMENT, U. S. ENGINEER OFFICE, 
1068 Navy BUILDING, ha AsHINGTON, D. C. 
SEPTEMBER 22, 1936. 





Francesco Giuntini and the 
Copernican Hypothesis 
By GRANT McCOLLEY 


Among various indices which reveal the growing prestige of the helio- 
centric hypothesis after 1543, few are more suggestive than its gradual 
appearance in expositions written in the native tongue.’ Outstanding 
among such accounts is A Perfit Description of the Caelestial Orbes 
which, with a diagram, Thomas Digges appended in 1576 to a revision 
of his father’s Prognostication euerlastinge.2 Much less important than 


‘I wish to express my indebtedness to Mr. Frederick E. Brasch, Secretary of 
the History of Science Society, for his courtesy in making available the photo- 
stats from which the accompanying facsimile reproduction was taken. 

*Leonard Digges, Prognostication . . . , London, 1576, sig. Mir ff. An ex- 
cellent reprint of A Perfit Description . . . by Francis R. Johnson and Sanford 
V. Larkey may be found in The Huntington Library Bulletin, V, 78-95. 
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DI M. FR. GIVNTINE. 19 
anni yn grado» @r quello della trepidatione , hanno dettd 


che laterrafimuoue effa fopra i poli del Zediaco da po- 
nente in lenante vn grado in cento anni, C> che mentre fi 


pwoue cofi v4 trepidando da Tramontana inuerfo mezzo 


el dquefta opinione é quella di Niccolo Coper 

nico ,t! quale facendo muouere la terra pone il Sole nel 
centro del mondo, doppo il Sole deue fegue il cielo della 
Luna vipone quel di Mercurio, & pot quello di Venere, 





fopra il quale meite la terra nel orbe del Sole.alla quale da 
bre moli.1! primo é i moto disurno, il fecondo quello di ogni 


20 SFERA DEL MONDO 
cento anni yn grado: & il terzo quello della declinatione, 
Et attorno alla terra in yn piccolo cerchio vi pone le 
Luna: la quale girando attorno alla terra in ventifette 
giorni & vn terzo, 2 hora congiunta Cr hora opposta al 
Sole. Seguono poii cieli di Marte, Gioue , C7 Saturno:i 
quali tutti fa muouere nel tempo ordinario,¢r fopra i pia- 
neti pone Tottana sfera immobile , la quale chiama lwogo 
del mondo done fi girano gli altri cieli. Es quefta opinions 
tenne ancora Ariflarco Samio , che fi auanti lo adueni- 
mento di Chriflo faluator noflro anni 1800. Et per intelli- 
sores della quale opinione habbiamo pofto la fopra |critta 
guy a. 


FACSIMILE OF DRAWING BY FR, GIUNTINI. 


Francesco Giuntini and the Copernican Hypothesis 





the digest of Digges, but withal worthy of mention, is the apparently 
unnoticed account, and diagram, which Francesco Giuntini inserted in 
his Italian La Sfera del Mundo, Lyon, 1582.* 

In his diagram—reproduced in facsimile with the description which 
it illustrates—Giuntini depicts the planetary system established by Co- 
pernicus. Of equal interest, if not importance, are three survivals of 
“Ptolemaic” thought, the use of which indicates the inbred nature of the 
conceptions against which the heliocentric hypothesis was slowly mak- 
ing its way. The eighth sphere is presented in true “Ptolemaic” fashion, 
with the stars placed between the convexity and concavity of the orb; 
the space below the moon, now extending to the central sun, remains 
the sublunary region, and the earth moves upon a deferent. 

Preceding and following this diagram, as the facsimile indicates, is 
Giuntini’s brief description of the heliocentric theory: a central sun, 
above which are the “heavens” of Mercury and Venus, the earth with 
its triple motion and lunar satellite, the “heavens” of Mars, Jove, and 
Saturn, followed by the immobile eighth sphere. This “opinione,” says 
Giuntini, is that previously held by Aristarchus Samius. 

The extent to which inclusion of both diagram and description indi- 
cates positive sympathy toward the Copernican hypothesis is difficult to 
determine, but it suggests at least a friendly interest. As a commentary 
on the Sphere of Joannes de Sacro Bosco, the author’s La Sfera del 
Mundo unavoidably presents and defends the proposition that the earth 
stands immobile in the center of the world.* However, Giuntini does 
not introduce his diagram and description in connection with this propo- 
sition, where he would be forced either to attack it or to abandon Sacro 
Bosco. Instead, he presents both under the topic “On the divisions of 
the sphere” as a continuation of the belief that the earth moves one 
degree each hundred years, and by so doing appears to have planned de- 
liberately to avoid the dilemma of adverse criticism or obvious incon- 
sistency.® 

That Giuntini was friendly toward the hypothesis is also implied by 

' Giunt ¥ i was a Tuscan theologian and astronomer who was born in Florence 
in 1522 and died in Lyon in 1590. He was at one time Provincial of the Carmelite 
Order, and after leaving Italy for France was successively a Protestant and a 
Catholic. His principal astronomical works, exclusive of variant editions, are the 
three mentioned in this note. 

* Ed. cit., pp. 111 ff. (Book I, chap. X). 


5 Tbid., p. 19 (Book I, chap. II). At the conclusion of his description of the 
Copernican hypothesis Giuntini turns immediately and without comment to the 
theory of the diurnal rotation of the central earth, and says (p. 20): “There have 
not been wanting those w ho claimed that the earth is located in the center of the 
world, where in truth it is placed, and that it rotates on its axis every twenty- -four 
hours, the falseness of which opinion need not be proved because it is evident.” 
The logic of Giuntini in presenting without comment the interpretation of a 
nicus and in the sentence-paragraph followi ing an unproved denial of the theory 
of the diurnal rotation of the central earth is difficult to understand. The athal 
purpose was perhaps to avoid attack upon the heliocentric conception and at the 
same time to provide some basis for asserting, should this be desirable, that he had 
by implication rejected the hypothesis. 
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the high regard in which he held Copernicus and his early followers. In 
a previous commentary on Sacro Bosco, he praised the solar demonstra- 
tions made by Copernicus in 1515, and described Reinhold as “a man of 
immortal glory who had composed the Prutenic tables according to the 
observations of Copernicus.’ In La Sfera he mentions the achievement 
of Copernicus in cosmography,’ and in 1585 published the Ephemerides 
which Joannes Stadius had computed, with emendations, from the tables 
of Reinhold.® 

To praise both Reinhold and Copernicus, to publish ephemerides 
based upon the heliocentric interpretation, and to present perhaps the 
earliest description and diagram of this interpretation to be printed in 
Italian, is evidence of a friendly interest in the Copernican hypothesis. 
Such an interest by no means places Giuntini with Reinhold, Digges, 
Rothmann, and other hardy spirits of his age, and yet it does suggest 
that he should be named among those who in small measure prepared 
the way for Kepler and for Galileo. 


*Commentaria in tertium ect quartum capitulum Sphaerae Io, de Sacro Bosco, 
Lugduni, 1577 (II), 285. 

"Ed. cit., p. 123. 

*Ephemerides Ioannis Stadii. Quibus schemata et praedictiones annorum 
mundi. . . auctore Francisco Junctino, Ludguni. . ., 1585. 





Telling the Stars 


By JONATHAN T. RORER 
I. 


What transcendent splendor adorns the winter skies on a clear eve- 
ning in February! In northern latitudes, above Polaris, Cassiopeia, 
and Perseus ; while below, the Great Dipper extends to the east. Cancer 
is rising, including the wispy cluster, Praesepe, or the Bee Hive, which 
an opera glass easily resolves into component stars. Procyon is rising, 
and Sirius a little farther south, the brightest star in our latitude and 
one of the most interesting; along the ecliptic, Castor and Pollux pre- 
cede Cancer. Taurus, within whose boundaries are the lovely Pleiades 
and the Hyades, is well toward the meridian. To the southeast, Orion 
is the conspicuous configuration. No starry figure mightier than he! 

“The great Orion, with his jewelled belt, 

That large limbed warrior of the skies,” 
as Bryant calls him. In the southwest Fomalhaut shines in conspicuous 
loneliness. Higher up, to the west is Andromeda, containing the famous 
nebula, that island universe which ever lures the telescopic traveler. 
Below Andromeda, the Great Square is conspicuous in the west. 





_ *An address by the Retiring President of The Rittenhouse Astronomical So- 
ciety of Philadelphia. 
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These are but a few of the features 


nature’s cinema tonight! 


Telling the Stars 








that 


attract the 


cast a mystic spell over man from the earliest time. Ten 
ago, the Neolithic man, sometimes a hunter, sometimes a tiller of the 
soil and sometimes a shepherd, watched the stars as he protected his 
flock by night, or as he stealthily stalked his game. The sun by day, the 
moon and stars by night, guided his migrations from pasture to pasture, 


or from one hunting ground to another. 


star lover to 


Yet this picture, the oldest of all pictures, has 


thousand years 


He noted particular stars to 


which he assigned mystic powers over the life about him. The stars 
were his time keepers, they announced the coming and the going of the 
seasons, the time of planting and the time of reaping. As the ages rolled 
on, the stars more and more were credited with a controlling influence 


on all life and especially with the life of man. 


Thus arose the forerun- 


ner of astronomy, Astrology, a pseudo-science, vet a thought-system 
which was in its day useful in turning the mind of man outward to the 
stars and the planets, thus forming the beginnings of scientific observa- 


tion. 


In this earliest dawn of civilization too, man began to count. First 
the objects about him attracted his attention; a few numbers only suf- 
ficed his needs, all other numbers were to him infinity. 


language has a word for large number. 
it “heap.” 


Every primitive 


The American Indians called 


to its ability to count and its vocabulary of counting. 
especially, and even today to some extent, mathematical skill is regarded 
as a supernatural attainment, a special gift of the gods. 
Pythagoras (500 B.C.) numbers were regarded as of divine origin—the 
fountain of existence, the model and pattern of things, the essence of 


the universe. 


The intelligence of a primitive tribe may be rated according 


In early times 


In the time of 


It is not our purpose to delve into the beginnings of astronomy and of 
counting except as a reminder that the stars and planets gave the stimu- 
lus which brought about the beginnings of mathematical science in its 
several fields such as arithmetic, geometry, trigonometry, and algebra 
and that this stimulus continued through the ages even to modern times 
when Einstein tested the ultimate validity of his equations of motion by 
his closer computation of the motion of the perihelion of Mercury and 
secondly by a closer computation of the gravitational effect of the sun 
on a ray of light coming from a star. 
and mathematics through the ages, side by side, is a fascinating subject, 


—but that is another story. 


The development of astronomy 


The Jewish Scriptures give many references to the stars, the sun, and 
the moon, but rarely to the planets. The celestial bodies were objects of 
At times the Hebrews, like the 
Babylonians, Syrians, and Egyptians, practiced sun and moon worship. 
During the reigns of Manasseh and Josiah, “all the hosts of heaven” 


great veneration and even of worship. 


were worshipped. 


While this adoration of the sun, moon, and stars 
seems to have produced no scientific observations on the part of the Jew, 
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it is clear throughout the old testament that his attitude of mind is ex- 
pressed in the quotation, “The Heavens declare the Glory of God and 
the Firmament sheweth his handiwork.” 

When the covenant was made with Abraham, Yahweh challenged him 
to “Look toward heaven and tell the stars, if thou be able to number 
them! and he said, so shall thy seed be.”” If this telling the stars, be in- 
terpreted to mean the stars which the Patriarch could actually see, which 
would be from two to three thousand stars, his descendants very soon 
reached the promised number. It would, however, be a very interesting 
calculation indeed, as to just when the Jewish people, counting all gen- 
erations reached or will reach the super-colossal star count which is now 
given as 3 X 10”, or 30 billion stars, or more. From this modern point 
of view, Abraham was promised about 15 billion descendants, for mani- 
festly he could see less than half the entire sky. Now 15 billion is a 
mighty large number. 

In the old days it was often the job of a student or the least experi- 
enced astronomer to “count seconds.” Many of us have done so at one 
time or another. This is a standard, though not a rapid rate of count- 
ing. Fifteen billion seconds equal 4753 years. Placing Abraham at 
1900 B.C., 15 billion seconds from that time would extend to 2853 
A.D., or putting it in another way, if one descendant, child, grand-child, 
great-grandchild, etc., were born and should be born every second from 
the time of the covenant down through the ages, the promised number 
would not be fulfilled until 917 more years shall have elapsed! 

Among the wonderful works of the Lord listed in Psalm CXLVII is 
the one, “He telleth the number of the stars; he calleth them all by 
their names.”” Here are two accomplishments which the cultured people 
of ancient times believed to be divine. To count the stars and to know 
the name of each star was beyond human knowledge, it was possible 
only to God. All this has been accomplished and more by the researches 
of contemporary scientists! 

These scriptural texts suggest the consideration of several closely 
allied lines of astronomical thought. But before examining these, let us 
look at this word “tell.” In the earlier days of the English language it 
had a meaning, to count one by one. This meaning has survived in the 
word teller. The bank teller counts his bills one by one. The pious nun 
tells the beads of her rosary. There are 244 members of this society, all 
told, This usage goes back to the days of good King Alfred. The Anglo 
Saxon is tellan; Danish, tellen; Old High German, zellan, to count. 

Aelfric, who wrote copiously on the Old Testament at the beginning 
of the 11th Century used the same words, “Telle thas steorran,” that the 
King James version uses. (Gen. 15, 5). Caxton, the first English print- 
er, in the 15th Century, writes, “He ¢olde atte table sittying thirteen 
poure pylgryms.” In Romeo and Juliet, the Nurse replies to Lady 
Capulet : “Faith, I can tell her age unto an hour.” 

In King Henry VIII, the Duke of Buckingham says to Sir Thomas 
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Lowell, “May he live longer than I have time to tell his years.” John 

Fletcher, a contemporary of Shakespeare, in one of his poems states, 
“You that look through the Heaven, tell the stars.” Bryant, three 

centuries later, answers this suggestion appropriately for the summer 

sky, “Thine eyes, 

Were they but clear, would see a fiery host 

Above thee; Hercules with flashing mace, 

The Lyre with silver chords, the Dolphin gliding on 

With glistening scales, and that poetic steed 

With beamy mane, whose hoof struck out from earth 

The fount of Hippocrene,—and many more 

Fair clustered splendors, with whose rays the Night 

Shall close her march in glory, ere she yield 

To the young Day, the great earth steeped in dew.” 





The machine age has dulled our imaginations so that we can no 
longer see the figures of the Grecian Myths in the sky. The beautiful 
Andromeda and her parents, Cepheus, King of the Ethiopians, and 
Queen Cassiopeia, her mother, in her regal chair ; and Perseus, the gal- 
lant lover ; the Bears, the Dogs, the Lion, and Ram, the good ship Argo, 
all have vanished from our ken; they are but the designations for cer- 
tain regions known as constellations on our star maps. Many of them 
go back to Homer and Hesiod, and even earlier. 

The first astronomer who tried to make a catalog of all the known 
stars was Hipparchus who lived about 150 B.C. It is said that the ap- 
pearance of a Nova inspired him to record the stars of his day, so that 
future generations could detect any changes that might occur. Hippar- 
chus’ catalog formed the basis of the famous catalog of Ptolemy, the 
Greek Astronomer of second century, A.D. Our placement of the con- 
stellations is derived chiefly from Ptolemy. Bailey’s edition of Ptolemy’s 
catalog of stars, the Almagest, was published in the Memoirs R.A.S,, 
Vol. XLII, and contains 1928 stars, which are grouped into 48 constel- 
lations. Some of the bright stars, such as Arcturus, were unclassified. 
The fanciful figures have been reconstructed, with only partial success, 
from Ptolemy’s star locations. Each star was located in two ways: (1) 
by its place in the constellation figure. Thus Aldebaran is the Eye of 
the Bull, a Tauri; Cynosura, the Dog’s tail, a Ursae Minoris, which we 
call Polaris the Pole Star; Spica, a stalk of wheat carried in the hand 
of the Virgin, a Virginis; (2) by the system of longitude and latitude 
adopted by the Greeks. Hence it can readily be seen how the stars can 
be identified and the traditional figures roughly located. The mythologi- 
cal figures are entirely ignored today. The names of the figures now 
denote regions as irregular in boundaries as the wards of Philadelphia. 
About 88 constellations are recognized today, including Ptolemy’s 48. 
Constellations are really of no importance to the scientific astronomer, 
who uses coordinates entirely to locate the stars. In the 16th Century, 
the German Astronomer Heinfogel had the artist Albrecht Diirer repro- 
duce the classic constellation figures. It is Diirer’s figures that form the 
basis of the figures often found on globes and the older atlases. 
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Sir John Herschel in 1841 advocated a complete rearrangement of the 
constellation boundaries. He suggested the use of hour circles and par- 
allels of declination, in order to make each constellation a definite 
quadrilateral, but his suggestion was never adopted, though afterward 
revived in a modified form by Dr. Gould in “Uranometrica Argentina.” 

Individual names have been given to several hundred of the stars. 
Some go back to the Chaldeans; many to Greek, Latin, and Arabic 
sources. Only about twenty-five of these are used today. They are con- 
venient for the brightest stars and for stars of special interest such as 
Algol, Mira, Merope, and Proxima. 

During the 10th Century a Persian Astronomer, Al-Sufi, wrote a de- 
scription of the stars, giving the Arabic names, which generally denoted 
some peculiarity of the star. He applied the precessional correction to 
Ptolemy’s stars and gave their corrected coordinates in his work. In 
1874, the St. Petersburg Academy of Sciences published a translation 
of this Persian catalog, by the Astronomer Schjellerup. 

In the middle of the 15th Century, the celebrated Ulugh Beigh, erect- 
ed an immense college and observatory at Samarcand, Persia, where one 
hundred persons were occupied in astronomical work. A catalog of 
stars bears the name of this monarch, but it added no new stars to 
Ptolemy’s list. 

In 1603, Bayer of Augsburg published his “Uranometria,” the first 
star atlas of general value. [le arranged the stars in each constellation 
in the order of apparent brightness. Occasionally, however, he varied 
the procedure, as in Ursa Major, where he began with the front of the 
bowl and proceeded out along the handle. Castor and Pollux is another 
example, where Bayer inverted the order of brightness, Pollux, the 
brightest of Gemini is Beta Geminorum; and Castor is Alpha Geminor- 
um. From Bayer we inherit the designation Alpha, Beta, Gamma, fol- 
lowed by the genitive of the constellation name. After exhausting the 
Greek alphabet, he used the Roman, in order. Bayer’s stars extended 
over the entire celestial sphere. Going back a little, the renowned Tycho 
Brahe, in 1580, prepared a catalog of 1005 stars, the last before the in- 
vention of the telescope. 

The pupil of the human eye has a diameter about 41-inch, or a little less. 
Galileo’s telescope, in 1610, had a lens about 24 inches in diameter. Thus 
the aperture of the eye was increased about 81 times, and stars could be 
seen down to the 10.5 magnitude of which nearly half a million are 
known to exist. Galileo’s telescope revolutionized human thought, but 
it made the labor of counting and cataloging the stars appaling. 

Sir William Herschel was the first astronomer to attack the problem 
by the use of the telescope. In his first memoir on the “Construction of 
the Heavens,” read before the Royal Society in 1784, he said, “The 
glorious multitude of the stars of all possible sizes that presented them- 
selves to my view are truly astonishing; but as the dazzling brightness 
of glittering stars may easily mislead us so far as to estimate their num- 








78 Telling the Stars 





ber greater than it really is, I endeavored to ascertain this point by 
counting many fields, and computing from a mean of them, what a cer- 
tain given portion of the Milky Way might contain.” (He used an 18- 
inch reflector. ) 

Applying this mean of using many hundred guages, or counts, of 
stars visible in a field about one-quarter the area of the moon, Sir Wil- 
liam Herschel, and Sir John, his son, estimated that the total number of 
stars in both hemispheres would probably be about 54 millions. 

It is interesting also that their star counts lead to a conception of the 
universe not essentially different from the modern theory of the form of 
the Galaxy, though the Herschels could not see stars fainter than the 
15th magnitude. 

About the middle of the 19th Century Argelander of Bonn began his 
catalog of the stars of the northern hemisphere down to magnitude 93. 
This is the well-known Durchmusterung, in several volumes containing 
over 324,000 stars, between declinations +90° and —2°. The right 
ascension, declination, and magnitude are given for each star. Schoen- 
feld, Argelander’s successor, extended the catalog to —22°, so that the 
Bonn Durchmusterung thus supplemented contains approximately 
460,000 stars. 

In 1862, Rutherford, of New York, did pioneer work in applying 
photography to the stars, using the old wet plates, with short exposures. 

In 1882, Dr. David Gill introduced the photographic method of count- 
ing the stars. While taking pictures of a bright comet of that year at 
the Cape of Good Hope, he was amazed to find stars on the negatives 
down to the 9th and 10th magnitudes. He soon after began a photo- 
graphic catalog, the Cape Photographic Durchmusterung, a work in 
three quarto volumes containing stars from the south pole to —18° 
declination. The plates were taken from 1885 to 1891 and were re- 
duced by Kapteyn, of Groningen, Holland, who finished the work in 
1899. The work contains about 455,000 stars. 

In 1887, an international astronomical conference decided to cooper- 
ate in photographing the entire heavens. Eighteen observatories, scat- 
tered all over the world, took part. Each was assigned 1200 regions of 
the sky, each region to be photographed twice, and then charts were to 
be made to show all the stars thus photographed. While most of the 
plates have been taken, the great expense involved will delay the comple- 
tion of the great atlas. A catalog also is being prepared which when 
completed will give the accurate positions and magnitudes of between 
8 and 10 million stars, scattered over the entire sky. 

We must omit mention of several excellent catalogs useful to astrono- 
mers, some made by photography, the earlier ones without it. In 1925, 
Seares and van Rhijn made extensive star counts based on _ plates 
taken at Harvard, Gottingen, Greenwich, Mt. Wilson, and Oxford Ob- 
servatories. They computed the average number of stars per square 
degree for various galactic latitudes down to magnitude 18.5; they later 
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continued the work to magnitude 21 by extrapolation. 

These are their principal results: 1. Stars of all magnitudes decrease 
in number as the galactic latitude increases. That is, the stars decrease 
in number as the distance from the central plane of the Milky Way in- 
creases. (The north pole of this circle is at R.A. 12" 44™; Decl. 27°; 
galactic longitude is measured eastward from the intersection of above 
circle with celestial equator, a point in Aquila, R.A. 18"44™; Decl. 0.) 
2. The concentration of stars near the Milky Way is more marked for 
the fainter stars than for the brighter ones. 

It is desirable before we go further to mention some of the new 
units of distance. The old astronomical unit, the mean distance from 
the earth to the sun, over 92 million miles, is too insignificant to use for 
star distances. The next unit of distance to be introduced was the light 
year, or the distance light travels in a year, at the rate 186,270 miles per 
second. Thus Proxima Centauri, mag. 10.5, the nearest star to the 
solar system, is 4.16 light years away. 

Two other words related to distance are parallax and parsec. The 
parallax of a star is the angle at the star subtended by the radius of the 
earth’s orbit. This angle is manifestly very small, the stars are so far 
away. The largest parallax, 0”.783, is that of Proxima, the star nearest 
the solar system. 

To give a clearer idea of the refinement to which these measurements 
are made, let us consider the parallax of Sirius, well known as the 
brightest star in the sky. This parallax is 0”.37. To appreciate this very 
small angle let us suppose that a very small seed, like that of the petunia 
or of the portulaca, were rendered luminous at a distance five hundred 
feet from the eye. The angle that would be formed at the eye in look- 
ing at this tiny seed would be about the same size as the parallax of 
Sirius. Another way to illustrate it is to suppose that one were attempt- 
ing to read this printed page at a distance of about one hundred feet. 
The angle formed at the eye by one of the periods, or decimal points, 
would be approximately the same size as the parallax of Sirius. From 
such rough illustrations one can gain a fair idea of the very refined 
measurements used in modern astronomical research. 

The newest of the distance units is the parsec. This is the abbrevia- 
tion for the distance at which a star would have a parallax of one sec- 
ond of arc. This is 19.2 & 10° miles, or 3.26 light years. Or to ex- 
press this relation as a formula, where D equals the distance in parsecs 
and p equals the parallax in seconds of arc, 


D=\1/p 
Using Sirius as an example, we may state the distance of this bright star 
from us as 8.8 light years; or by its parallax, 0”.37; or as 2.7 parsecs. 
Another relation that is useful in comparing distances within the solar 
system to distances in galactic systems is 1 parsec = 206,265 times the 
sun’s distance from us. In measuring the great cosmic distances, astron- 
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by the full moon as we view it in the sky. 


the case. 


fainter they are, the more distant they are. 


magnitude is always less than four to one. 


the stars.” 


omers also use the kiloparsec, which equals a thousand parsecs, or the 
megaparsec, which equals one million parsecs. 

Some other units and comparisons frequently useful in reading the 
literature of cosmic science are the square degree and the area covered 
The square degree as its 
name indicates is simply a surface on a sphere with each side one de- 
gree. A simple calculation will show that the entire celestial sphere 
contains 41,253 square degrees. Since the mean diameter of the moon 
is about 31’, it follows that the moon covers about one-fifth of a square 
degree, so that the entire heavens would be covered by about 200,000 
full moons. Using thirty billion as the total number of stars, which in- 
cludes the five or six thousand stars visible to the naked eye, the above 
figures lead to these rather surprising results: 

1. On the average, each star visible to the unaided eye occupies a space 
in the sky equivalent to that covered by forty full moons. 

2. When we include the telescopic stars in our count, the full moon 
hides at any instant on the average 150,000 stars, if we suppose the stars 
to be distributed uniformly over the entire sky, which of course, is not 


Generally speaking, the greater the magnitude of the stars, that is the 
From geometric considera- 
tions when we extend our count of stars to include those of the next 
magnitude, we should find four times as many stars. 
are uniformly distributed, the number of stars of all magnitudes bright- 
er than the seventh magnitude should be four times the total number 
brighter than the sixth magnitude, and so for any two successive magni- 
tudes. This is called the theoretical star ratio. 

The researches of Seares and van Rhijn, to which reference has been 
made, give the number of stars for each magnitude down to the twenti- 
eth visual magnitude. The ratio of the number of stars brighter than a 
given magnitude to the number of stars brighter than the preceding 
What is more significant, 
this star ratio decreases as successively higher magnitudes are compared. 
The ratio approaches unity when the 27th magnitude is reached, which 
implies that there are no stars beyond the 26th magnitude! 
words, the stellar system is limited in extent, though contained in an un- 
limited space, according to modern cosmic philosophy. 

Jeans has vividly illustrated the emptiness of space by these striking 
statements. “Five fruits placed in the five continents of the earth—an 
apple in Europe, a pear in Asia, a cherry in America, and so on—will 
give us a scale model showing the relation between the sizes of the stars 
and their distances from one another. . . . If we take six wasps and set 
them flying blindly about in a cage 1000 miles long, 1000 miles broad 
and 1000 miles high, we shall again have a model of the distances of 


Thus if the stars 
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The application of counting to other lines of astronomical research is 
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alluring. It leads to many conclusions of intense interest which taken 
together form the New Astronomy. Truly of the astronomer it can 
be said, 
“He telleth the stars; he calleth them all by their names.” 
334 NortH 34TH St., PHILADELPHIA, PENNSYLVANIA. 
January 10, 1936. 


Greek Astronomers During the Second and 
First Centuries B.C." 


By A. WILLARD TURNER 
The Second Century B. C. 
INTRODUCTION 

The history of science during the second century B.C. is of special in- 
terest to us, inasmuch as the outstanding work of the astronomer Hip- 
parchus was the paramount achievement of the period. During the two 
preceding centuries the most brilliant and outstanding astronomers were 
Eudoxus, Heraclides, and Aristarchus'; but they can scarcely be re- 
garded as the leading personalities of their respective times. Our astron- 
omer in this century, however, was the dominating figure of his day in 
the whole world of learning. Thus, while Eudoxus flourished in the 
time of Plato, Heraclides in the time of Aristotle, and Aristarchus in the 
times of Euclid and Archimedes, Hipparchus flourished in the time of 
Hipparchus. 

Hipparchus approached astronomy from the practical observational 
standpoint as well as from the theoretical side, thus initiating the essen- 
tial requirement for further progress in a science which must have its 
observations and its theories consistent. This approach to astronomical 
study was reflected in experimental science generally, and the import- 
ance of patient, routine recording of observational data was appreciated. 

The minor work of three men is associated with astronomy during the 
first half of this century, when the Roman, Cato the Censor, was per- 
haps the most symbolic personality of the ancient world. Hipparchus 
dominated the latter half of the century so completely that Sarton? men- 
tions no other contemporary Greek astronomer. 


Hypsictes (“‘Uyuxdyjs) : 
SELEUCOS (éAevxos) : First half of the second century B.C. 
ARRIAN (‘Appuavos ) ( 


Hypsicles was preeminently a mathematician and the so-called four- 
teenth book of Euclid is attributed to him. His astronomical work con- 


*For earlier papers see April and June-July, 1936, issues of Popu_Ar ASTRON- 
OMY, 

*PopuLar Astronomy, April, 1936. 

* Sarton, Introd. to Hist. of Science, Vol. I. 
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sisted of an astrological treatise on the risings of the stars, which is of 
interest as the first work in which the zodiacal circle is divided into 360 
equal parts or degrees. 

Seleucos was a very strong supporter of the heliocentric theory which 
Aristarchus* had advanced during the preceding century, teaching it as 
a definite factual explanation of planetary motion rather than an hypo- 
thesis. Seleucos also dealt with tides, suggesting that they were caused 
by the resistance of the moon to the rotation of the atmosphere ; appar- 
ently he thought that the atmosphere extended as far as the moon and 
rotated with the earth. 

References to the work of the meteorologist Arrian appear to be very 
few; a short work dealing with comets was his contribution to as- 
tronomy. 

HipparRcHUS (“Immapyos) : c. 180 B.C. - c. 125 B.C. 

While we are especially concerned with Hipparchus as an astronomer, 
he enjoyed an enviable reputation as mathematician and geographer. 
The science of trigonometry (in so far as it is an adjunct to astronomi- 
cal calculation) and stereographic projection both owe their invention 
to him. He used the latter device to represent the projection of the 
celestial sphere upon the plane of the equator. In geography, he origin- 
ated the present system of coordinates, whereby terrestrial positions are 
indicated by circles of latitude and longitude. 

Of his actual writings, an insignificant youthful work* is the only 
complete original text we have. However, his doctrines were carefully 
recorded and preserved by Ptolemy in his classical treatise, the Alma- 
gest. He was responsible for many improvements in the construction 
of instruments, and the first known to construct a celestial globe. 

The earliest scientific star catalogue in the history of astronomy is 
credited to Hipparchus, though Aristyllus and Timocharis® may have 
prepared very primitive tabulations which he had at his disposal. It is 
not improbable that Hipparchus’ catalogue was inspired by his detection 
of a “new star”®; whereupon he conceived of the advisability of con- 
structing records of star positions to assist later astronomers in follow- 
ing pertinent changes. Our information concerning the purpose or rea- 
son for this work may be vague, but if Hipparchus deliberately planned 
this long routine program for the ultimate benefit of his successors, we 
cannot but admire his unselfish devotion to the subject of astronomy. 
His catalogue comprised about 850 fixed stars, and, although the origin- 
al was lost, it formed the basic content for Ptolemy’s later work, where 
the main portion has been retained in the Almagest. 

“But the discovery which shows beyond all others that Hipparchus 
possessed one of the master minds of all time was the detection of that 


* PopuLAR ASTRONOMY, June-July, 1936. 

* A Commentary on the Phaenomena of Eudoxus and Aratus. 
* PopuLAR Astronomy, April, 1936. 

* Probably a nova. 
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remarkable celestial movement known as the precession of the equi- 
noxes.”* In addition to the actual discovery that the equinoxes were 
moving slowly westward relative to the stars, he calculated an actual 
magnitude of 36” of arc for the movement (modern value 50”). Hip- 
parchus made his discovery by comparing the lengths of the sidereal and 
tropical years, and attributed the resultant inequality to the precession 
of the equinoxes. It is of interest to notice that his observations of the 
tropical year were made with the gnomon, by means of which he found 
the dates at which the noonday shadow was longest (or shortest, ac- 
cording to the solstice concerned), and so calculated the length of the 
year from solstice to solstice. The sidereal year, determined by the 
heliacal rising and setting of the stars,* was found to be shorter than the 
tropical, and the resultant difference was traced to an annual westward 
motion of the equinox. However, the physical cause of the phenom- 
enon of precession was not explained until the time of Newton. 

Unfortunately, Hipparchus reverted to a strictly geocentric theory of 
planetary motion. It may not be wholly unfair to suggest that Aristar- 
chus’ heliocentric theory was virtually beyond the imaginative power of 
Hipparchus. Be that as it may, the long predominance of the geocen- 
tric theory and the consequent obscurity of Aristarchus’ achievement 
are usually attributed to the overwhelming authority attendant upon 
Hipparchus’ reputation for many centuries. His geocentric teachings, 
promulgated and elaborated by Ptolemy, were tantamount to apodictic 
law, for they were not subjected to that healthy skepticism and imper- 
sonal questioning which scientific progress demands. Certainly the tre- 
mendous prestige attached to his doctrines can scarcely be overesti- 
mated. 

Hipparchus has frequently been called “the father of systematic as- 
tronomy,” the name being suggested, perhaps, by the remarkably con- 
sistent combination of observation and theory which typified his work. 
Clearly he was no theoretical, abstract dreamer, for he held hypotheses 
rigidly subservient to observed facts. Fortunately he himself was one 
of the most astute observers of antiquity, and the accuracy of the im- 
mense number of observations recorded by him is astonishingly high. 

Obviously in Hipparchus we have met an intellectual star of the first 
magnitude. The horizons of astronomical development have been vastly 
enhanced and extended through his genius.® 


CONCLUSION 


The significance of this century in astronomy is one with the work of 
Hipparchus, for all other astronomical contributions during this period 
were relatively unimportant and obscure compared to his prodigious ac- 





"R. S. Ball, Great Astronomers. 
__* When the stars could first be seen in the dawn after the sun had passed them 
in its annual motion. 

*Turner, A. W.: Five Great Greek Astronomers, Jour. Roy. Astron. Soc. 
Canada, Vol. XXIX, No. 5, 1935. 
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tivity. In spite of his brilliant work, however, the influence of the preva- 
lent Stoic philosophical school was discouraging to scientific progress. 

The singular dominance of one great astronomer’s ideas during this 
century presents a rather striking contrast to the numerous mediocre 
contributions of astronomers during the subsequent century. Ptolemy’? 
—the first really worthy successor to Hipparchus—came two and a half 
centuries later; and the interval between these two astronomical giants 
witnessed very little positive development. 





The First Century B.C. 
INTRODUCTION 

The first century B.C. is of little importance in the history of astro- 
nomical progress, for the pervasive Roman assimilation of Greek knowl- 
edge scarcely fathomed higher mathematics and astronomy. Although 
this period is associated with the unique and commanding personality of 
Julius Caesar, with Lucretius, and with Virgil, in science it is an age of 
applied knowledge rather than creative study. For instance, the reform 
of the calendar was an essentially practical undertaking, and not an in- 
trinsically scientific work. 

Since there are no really great astronomers during this period, we 
have but brief notes concerning the work of a few mediocre men who 
made minor contributions to astronomy. 

Posiponius (Tocedenos) . 

The Stoic philosopher, Posidonius, was the leading thinker during the 
first half of the century. Although his reputation is related chiefly to 
his propagation of the Stoic philosophical doctrine, he took a genuine 
interest in natural science. Amongst his astronomical contributions was 
a new measurement of the circumference of the earth, but this measure- 
ment was inferior to that of Eratosthenes': made three centuries earlier. 
He also wrote a tract calculated to refute the contention that the sun was 
only of the size which it appeared to be, giving estimates for the diam- 
eter and distance of the sun which were superior to those given by the 
brilliant astronomers Aristarchus and Hipparchus. He considered tides, 
too, explaining them by the joint action of the sun and the moon, and 
recognizing—perhaps for the first time—the neap and spring tides. 





THEODOSIUS (Oeoddcr0s ) . 

Theodosius, a Greek astronomer and geometer, was the author of 
three works which have been included in the “Little Astronomy” collec- 
tion. One of these, Sphaerica, dealing with the geometry of the surface 
of a sphere, merely assembled previously existing material on the sub- 
ject. The remaining two works were, “On Days and Nights,” and “On 
Habitations.”’ The invention of a universal sun-dial is also attributed 
to him. 


” Thid. 
™ Turner, A. W., PopuLAr Astronomy, April, 1936. 
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CLEOMEDES (KAcopndys) . 

Cleomedes’ book, ““The Theory of Heavenly Bodies,” was founded 
largely on Posidonius’ work, and gives an account of the astronomical 
views of the Stoic school. Much of our information concerning the 
work of earlier astronomers, notably that of Eratosthenes, is derived 
from this book. 

GEMINUS (Tepivos) . 

Geminus, of Rhodes, was a pupil of Posidonius, and an adherent of 
the Stoic school. He wrote an extant textbook in astronomy containing 
descriptions of the leading doctrines of ancient astronomy. He is also 
known as a commentator of note on mathematical and meteorological 
subjects. 


XENARCHOS (Zevapyos) . 

Xenarchos—the only man mentioned in astronomical work during the 
latter half of the century by Sarton’*—wrote a treatise criticising many 
ideas of Aristotelian astronomy. For example, he took exception to the 
view that motions of the planets were essentially circular, uniform, and 
homocentric. 

CONCLUSION 


While the review of astronomical development during this century is 
neither stimulating nor interesting from the standpoint of achievement, 
its historical significance may invite our curiosity. We may find it rather 
difficult to understand why astronomy should fall into such a deplorable 
state of decadence and neglect so soon after the remarkable work and 
tremendous influence of Hipparchus. One of the reasons for this apa- 
thy towards astronomical research appears to be traceable to the Roman 
attitude of mind, which was more interested in technical and practical 
application of knowledge than in the critical inquiry and investigations 
of creative astronomical work. Another reason, perhaps, may relate to 
the prevalent Stoic tendency in philosophy which was more critical than 
appreciative of new astronomical ideas. 

Certainly, as the Christian era dawned, astronomy was in a comatose 
state, and, barring the activity of Ptolemy,'* the “Dark Ages” for this 
science had already commenced. 


Otrawa, CANADA, JUNE, 1936. 


* Introd. to Hist. of Science, Vol. I. 


_ ™Turner, A. W., “Five Great Greek Astronomers,” Jour. Roy Astron. Soc. 
Canada, Vol. XXIX, No. 5, 1935. 
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A Plan of Investigation of Variable Stars 
Brighter than the Twelfth Magnitude 


By BORIS W. KUKARKIN* 


Since the time when photography was first applied to the discovery 
of variable stars the number of discoveries has been growing at an ever 
increasing rate. The last decade is distinguished by the particularly 
rapid progress due mainly to efforts of some German observatories and 
the plan of studying variable stars in the Milky Way fields launched by 
the Harvard Observatory. But the study of new variable stars lags 
sadly behind the discovery. Figure 1 shows the number of stars dis- 
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covered and investigated in each year since 1927. The rate of investi- 
gation is represented for want of more accurate and uniform data, by 
the yearly increase of entries in Prager’s catalogue, inasmuch as the 
stars are included in this catalogue only after the fact and type of their 
variability have been established with sufficient certainty. The progres- 
sive lag of the investigation behind the discovery and the total number 
of unstudied stars are in reality greater than indicated by the diagram, 
because very little is known of many stars entered into Prager’s cata- 
logue. 

The observations of new variable stars are quite often carried on in 
a haphazard, unsystematic way. From among the stars occurring in a 
given region of the sky the observers usually select only those which, 
for some or other reasons of a particular observer, are considered as 
the most interesting. Asa rule the short-period and eclipsing variables 
are picked out first while the stars recorded by the discoverer as “irreg- 
ular” or “slow varying” remain neglected. This harmful selection makes 
hopeless the task of studying the apparent and spatial distribution and 
the relative frequency of different types of variable stars. It can be 
shown, however, that our knowledge of these data, if complete enough 
for stars of a given type down to a certain limit of brightness, would be 
of great value in many branches of stellar astronomy. 

The absolute magnitudes of some types of variable stars are not as 
yet reliably known, although there exists a simple statistical method 





*Secretary, Central Bureau for Variable Star Investigation in USSR. 
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of determining the mean absolute magnitude of stars belonging to a 
common type from the degree of their concentration towards the galac- 
tic circle. Our present inability to apply this method successfully to 
certain types of variables, particularly semiregular and irregular, is due 
to the small number of known representatives of these types, which 
makes uncertain the results of the statistical discussion. True, the stars 
loosely termed irregular are quite numerous, but they belong to several 
distinct sub-types differing widely in their physical characteristics. Ob- 
viously, it would be a gross mistake to treat them as a homogeneous 
group of stars having on the average the same absolute magnitude. This 
is one of the many reasons why semiregular and irregular variables 
should receive greater attention on the part of observers than they at 
present do. 

The problem of light absorption in the galactic plane may profit con- 
siderably by the studies of the distribution of intrinsically bright vari- 
able stars. Previous attempts to trace the effect of absorption on the ap- 
parent magnitudes of variables have led to indefinite or contradictory 
results largely on account of the small number of stars used in the sta- 
tistical investigation. Thus, the long-period Cepheids which are par- 
ticularly suitable to the purpose number only about 150. It can be easily 
demonstrated that if the types of all variable stars brighter than the 
twelfth magnitude at maximum were determined, this number would 
increase at least tenfold. Furthermore, the groups of stars selected for 
statistical treatment in most cases are not uniform with respect to the 
type of variability. This again can be remedied by systematic observa- 
tions of insufficiently studied variable stars for the purpose of their 
exact classification. 

Lastly, an investigation of possibly greater number of stars down to 
a certain limit of brightness would enable one to draw important con- 
clusions concerning the structure of our stellar system. The rich ob- 
servational data thus obtained would in turn further the study of the 
physical characteristics of variable stars, such as period, amplitude, and 
the shape of the light curve, which is a necessary step to the general in- 
terpretation of the phenomenon of stellar variability. 

There is a total lack of uniformity as regards the extent to which var- 
lable stars have been studied in different parts of the sky. While in 
some fields of the Milky Way the search has been carried down to the 
sixteenth magnitude, in some other regions, mostly in the southern sky, 
the corresponding limit lies somewhere between the eighth and ninth 
magnitudes. This state of things brings a large factor of uncertainty 
into all conclusions drawn from the studies of the distribution of vari- 
able stars. 

Prompted by these considerations the Central Bureau for Variable 
Star Investigation in USSR has submitted to the International Astro- 
nomical Union a plan of investigation of variable stars to the magnitude 
12.0 (visual) at maximum. The plan has the following brief history 
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behind it. In 1931 N. Florja of the Tashkent Observatory commenced 
observations of all unstudied variables in a relatively small region of the 
sky covering parts of the constellations Canis Major, Monoceros, and 
Puppis. The attempt has proved a complete success. In the course of 
two winters all the stars, 77 in number, were classified and their ele- 
ments and mean light curves determined. But the most important out- 
come of the experiment was a great increase in the efficiency of the ob- 
server. Since practically no time was lost in passing from one star to 
another, the average “output” per hour was 60-70 estimates, as com- 
pared with the average of 30 estimates secured in an unsystematic work 
involving observations all over the sky. In 1934-35 the experiment was 
repeated with the same gratifying results by M. Zverev at the observa- 
tory of the Sternberg Astronomical Institute in Moscow. Two fields 
in Ursa Major and Lyra were observed with 10 and 40 stars, respective- 
ly. 


MAP OF FIELDS 





FIGURE 2 

In view of the obvious advantages of such observations the fifth meet- 
ing of Variable Star Investigators in USSR, held in May, 1935, adopted 
the plan of variable star observations by the method of fields. Accord- 
ing to the plan the whole sky is divided into 176 approximately equal 
fields from 240 to 260 square degrees each. The fields are shown schem- 
atically in Figure 2. Integers indicate the original numbers of fields. 
Fractions serve to show the number of studied (numerator) and un- 
studied (denominator) stars occurring in each field. The map reflects 
the state of variable star investigations at the beginning of 1936. 

30th photographic and visual methods may be employed in the reali- 
zation of the plan. Photographic observations in selected fields are be- 
ing successfully carried on at present by the Harvard and Leiden Ob- 
servatories. However, the visual methods appear to have certain ad- 
vantages over the photographic. Photographic observations are possi- 
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ble at few observatories because they are busy with their own programs, 
while visual observations can be undertaken and carried out in a short 
time by a host of amateurs. A visual observer will be able to find out 
in a few nights all short-period variables which should be observed ev- 
ery 20 or 30 minutes and arrange his further observations of a field so 
as to spend the minimum of time on the remaining slow-varying stars 
which need but one or two estimates during a night. Furthermore, 
some kinds of stars cannot be profitably studied on the plates obtained 
with the usual exposure of the order of one hour. We mean such 
short-period stars as CY Aquarii with the period of 88 minutes or 
UX Ursae Majoris, the Algol type variable with the minima lasting only 
36 minutes. There are no reasons to consider these stars as unique. On 
the contrary, the number of variables with very short periods is prob- 
ably large enough, but their discovery is not favored by the photo- 
graphic observations involving long exposures. 

The most profitable way of observing seems to lie in the combination 
of visual and photographic observations, when provisional types and 
elements are determined visually and afterwards checked and improved 
by examining plate collections. 

Florja and Zverev’s experience shows that an observer who makes ob- 
servations of the fields the sole item of his program can manage three or 
four rich fields at once. Observations in a single field will not present 
difficulties to any active observer. 

The Central Bureau for Variable Star Investigation in USSR re- 
quests the variable star observers to take part in the realization of the 
plan outlined above. The Commission is ready to provide the prospec- 
tive observers with the necessary information. The correspondence 
should be addressed to the Sternberg Astronomical Institute, Novo- 
Vagankovski 5, Moscow, 22. The fields Nos. 1-6, 13-15, 20, 21, 24, 32, 
33, 38, 41-43, 47, 58, 60-64, 67, 68, 85-90, 96, 97, 100, 101, 107, 108, 110- 
114, 124, 125 and 131 are being already investigated by the observers. 


1936 SEPTEMBER. 


Planet Notes for March, 1937 


By CLIFFORD E. SMITH 


Note: All times, unless otherwise stated, are Central Standard Time. 


The Sun will be moving with an apparent northeasterly motion from the cen- 
tral part of Aquarius to the central part of Pisces. Its distance from the earth 
will increase from about 92.1 to about 92.8 million miles. On March 20 at 6" 45™ 
P.M. the sun will be at the Vernal Equinox, and this event officially marks the be- 
ginning of spring. The position of the sun on the first and last days of the month 
will be, respectively: R.A. 22" 46™, Decl. —7° 49’; and R.A. 0" 36", Decl. +3° 55’. 








Occultation Predictions 
The phenomena of the Moon will occur as follows: 


Last Quarter March 5 at 3 A.M. 
12 


New Moon 2 2 P.M. 
First Quarter 19 “ 6 A.M. 
Full Moon 26 “ 5 P.M. 
Apogee $* 2 am. 

e 30 “ 7 P.M. 
Perigee 14“ 9 PM. 


Mercury will be a morning object in Capricornus at the beginning of the 
month rising about thirty to forty minutes before the sun. During the remainder 
of the month it will be too near the sun to be of general interest. Superior con- 
junction will occur on March 24 at midnight. The distance of Mercury from the 
earth will remain at about 120 million miles, and its apparent diameter will be 
about 5 seconds of arc. Its position on the first day of the month will be: R.A, 
21" 36", Decl. —16° 18’. Conjunction with the moon will occur on March 11. 

Venus will be an evening object setting about two hours after the sun. Its 
apparent path among the stars will be from eastern Pisces to western Aries. Its 
distance from the earth will decrease from about 50 to about 30 million miles, and 
its apparent diameter will increase from about 32 to ahout 51 seconds of arc. Venus 
will be at its greatest brilliancy on March 12. On March 15 at 8:00 A.M. conjunc- 
tion with the moon will occur (Venus 2°2N). 

Mars will be a morning object in eastern Libra and northern Scorpio, and will 
rise about an hour before midnight since quadrature west occurred last month. 
The distance of Mars from the earth will decrease from about 100 to about 70 mil- 
lion miles, and its apparent diameter will increase from about 9 to about 12 sec- 
onds of arc. Conjunction with the moon will occur on March 3 at 5:00pm. 
(Mars 3°4N) and on March 31 at 3:00 p.m. (Mars 2°1S). 

Jupiter will be a morning object in northeastern Sagittarius, and it will rise 
about four hours before the sun. Its distance from the earth will be about 520 
million miles, and its apparent diameter will be about 33 seconds of arc. Con- 
junction with the moon will occur on March 8 at 3:00A.M. (Jupiter 2°7S). 

Saturn will be too near the sun in apparent position to be of general interest 
during this period. Conjunction with the sun will occur on March 15. 

Uranus will be an evening object in southwestern Aries setting about three 
hours after the sun. Its distance from the earth will be about 1900 million miles, 
and its apparent diameter will be about 3.3 seconds of arc. Conjunction with the 
moon will occur on March 15 at 6:00 P.M. (Uranus 3°9S). Its position on March 
15 will be R.A. 2" 20", Decl. +13° 29’. 

Neptune will continue in southeastern Leo, and it will be above the horizon 
most of the night hours, since opposition will occur on March 8. Its distance from 
the earth will be about 2700 million miles and its apparent diameter will be about 
2.5 seconds of are. Conjunction with the moon will occur on March 25 at 10:00 
A.M. (Neptune 6°6 N). Its apparent motion among the stars will be westerly. The 
position of Neptune on March 15 will be R.A. 11°15", Decl. +5° 59’, 





OCCULTATION PREDICTIONS 
(Taken from the American Ephemeris) 
The quantities in the columns a and b are given for the purpose of making 
these predictions useful for any place within 200 miles of the point indicated. 
The procedure is as follows: Subtract the longitude of the point given from 
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the longitude of the place in question; multiply the result, in degrees, taking the 


signs into account, by the quantity under a for the star to be observed; similarly, 
with the latitude, using b; apply the sum of the products, with its proper sign, to 
the Greenwich C.T., and obtain the predicted Greenwich Civi! Time for the phe- 
nomenon at the place of observation. To obtain Eastern Standard Time it is 
Central Standard Time, six | 


necessary to subtract five hours; hours, etc. 


OccuULTATIONS VISIBLE IN LonciTUpDE +72° 30’, LatirupE +42° 30’. 
—_——1IM MERSION—————- _ ————-EMERSION—— 

Green- Angle E Green- Angle E 

Date wich from wich from 


1937 Star Mag. ; C.T. a h N CF. a b N 
Mar. 7 28 Ser 5.8 10 48.0 142 11 29.0 ._ ae 
18 xk Tau 4. 0 1.0 0 91 1.4 10 —1.2 270 
18 67 Tau 5 7 1.2 —0.6 250 


— 
t 


22°925 6. 


19 BD-+ 
22 209 B.Can 6. 


0 0.6 1.4 274 


_ 
“I 
N 
uwbr wher 
un ole Ure ee 


22 7 10 +03 120 2 ).6 14 +06 283 

24. 14 Sex 6.< 4 88 0.0 3.6 3.7 —2.6 0.1 248 

25 237 B.Leo 63 2 27.4 0.3 3.2 176 8.3 3.0 +1.2 251 

25 55 Leo 60 432 —17 12 114 3.1 1.2 2.0 311 
OccULTATIONS VISIBLE IN LoNGiITUDE +91° 0’, LAtitupe +40° 0 

Mar. 16* 63 Ari 5.2 23 39.4 —17 +2. 35 0 31.8 1.2 3.0 306 
17. 65 Ari 5.9 0 33.5 1.6 1.¢ 35 1 20.5 —0.7 ae) | 
17 k Tau 4.4 23 32.6 1.9 1.1 107 0 48.0 —1.8 +4+0.1 248 
17* 67 Tau 5.4 23 418 —18 -—-2.5 130 0 41.1 2.0 +1.5 225 
19 BD+22°925 6.5 1285 —1.3 2.4 131 2 32.4 1.8 0.0 245 
2 f Gem 5.2 7 306 +04 es ta 8 9.9 ().1 0.7 246 
25 55 Leo 6.0 410.2 —1.2 18 149 5 26.7 —2.2 0.7 279 

OccULTATIONS VISIBLE IN LONGITUDE 120° 0’, Latitupt 36° 0’. 

Mar. 1 85 Vir 6.2 14 48 1.6 0.3 65 15 40 —1.2 29 330 
7 30 Ser 6.2 12 25.4 58 12 49.4 : 193 
16 27 Ari 6.4 3 378 0.3 2.1 118 4 25.2 0.6 0.4 223 
25 p* Leo 62 9 80 2.0 0.8 85 10 11.0 0.6 2.8 337 
31 5 Sco 25 3 233 0.7 09 79 16 42.9 0.4 1.5 278 

*Emersion on the following day. 
Comet Notes 
By G. VAN BIESBROECK 
There is very little to report this month concerning observable comets. The 


regions indicated by the various ephemerides given p. 41-42 have been explored 


by the writer in the first days of January but none of the expected objects could 
be located. The position of Prrtopic Comer 1925 II (ScHwWASSMANN-W AcH- 


MANN) was covered by photographic plates showing stars down to magnitude 16 
but no trace of the comet was found. The ephemeris in this case cannot be out 
very much, hence this comet, which has shown such large fluctuations in bright- 
ness in the past, is evidently quite faint again. 

The only comet whose presence was recorded photographically last month was 
1935d (Van BressproEcK) which on January 13 appeared as a minute round coma 
of magnitude 17. Its position is such that further measures are still possible but 
the observations are necessarily limited to powerful telescopes. 


Williams Bay, Wisconsin, January 21, 1937. 
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VARIABLE STARS 


Variable Star Notes from the 


American Association of Variable Star Observers 
By LEON CAMPBELL, Recorder 


Observers and Observations: Observations are contributed to the A.A.V.S.O. 
for the first time by Mr. Claude B. Carpenter, of Wayne, Michigan, who uses a 
splendidly equipped 12-inch reflector, by Mr. Philip Taylor, a student observer at 
the Flower Observatory of the University of Pennsylvania, and by Sefior Francisco 
J. Escalante, who is connected with the Luis G. Léon Observatory at Tacubaya, 
D. F., Mexico. Seftor Escalante is Secretary of the recently organized Mexican 
Association of Variable Star Observers, of which our first Mexican observer, 
Sefior Luis Enrique Erro, is President. Misses Ruth Blum, Frances Farwick, 
Betty Goodnough, Ruth Osmond, Martha Sheatsley, and Virginia Simms, and 
Messrs. Wendell Graening and Guy Rowland of Mount Union College, Alliance, 
Ohio, also observed under the guidance of Mr. Walter H. Haas. 

Nearly 4500 observations were submitted during December by 78 observers. 
The following list gives for each observer the number of variables and of ob- 


servations. 





Observa- Observa- 

Name Vars. ‘tions Name Vars. ‘tions 
Ahnert 42 338 Kempinski 8 8 
\ncarani 11 20 King 6 .9 
Baldwin 88 167 Kirkpatrick 18 70 
Ballhaussen, Miss 21 30 Kitchens 23 2 
Blum, Miss 9 15 Knott 1 | 
Blunck 36 62 Koons 19 22 
Bouton 74 107 de Kock 38 140 
Brocchi 33 65 La Fon 25 25 
Cal 29 57 Lewis 12 13 
Cameron 8 8 Loreta 106 233 
Ce T 7 4 Luechinger 5 5 
C hartier 28 40 Marshall 3 39 
Diedrich 15 48 McLeod 24 37 
Ellis 18 36 Meek 93 317 
Ensor 56 72 Mitchell, R. A. 8 °8 
Escalante 44 142 Murphy 11 26 
F nivte nks 16 18 Peck 36 118 
Farwick, Miss 3 6 Peltier 203 238 
Fish 2 2 Osmond, Miss 5 11 
Focas 37 134 Raphael 2 5 
Frz inklin 5 8 Recinsky 11 15 
oo \dnough, Miss 6 12 Rosebrugh 33 168 
Graening 8 10 Rowland 7 10 
Gregory 69 69 de Roy 10 36 
Hamilton 6 20 Ryder 6 11 
Hartmann 162 372 Schmidt, R. 3 5 
Herbig 73 235 Sheatsley, Miss 6 9 
Hiett 11 36 Sill 39 4] 
Holt 35 42 Simms, Miss 4 4 
Houghton 67 87 Smith, F. P. 22 28 
H puston 43 53 Smith, F. W. 1 3 
Howarth 6 7 Smith, J. R. 8 8 
Jensen 4 4 Smith, a 12 12 
Jones 98 226 Strelitzer 8 8 
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Thorndike 
Thorne 
Treadwell 
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17 24 
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10 36 
6 11 
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Observa- 


Vars. tions 
11 25 
40 49 
6 & 
13 24 
4477 
A.A.V.S.O. Bulletin 


an- 


nounces the predicted dates of maxima in 1937 for bright long-period variables, 
together with their approximate maximum magnitudes. 


below are selected from a list of 379 stars 


Designation 
001032 
001838 
021143 
021403 
022813 


023133 
025050 
043738 
054920a 
070122a 
081112 
092962 
093934 
094211 
1006617 


1f 37¢ 9 
121478 
122001 
123160 


123307 


123961 


132422 
132706 
140950 
143227 


151731 
152849 


154615 
154639 
162119 
164844 
165030 
183308 
190108 
191079 


193449 
194632 
201139 
210868 


235350 


Name 
S Sc. 
R ANp 
W ANI 
o CET 
J Cer 
) Cer 
Tri 
Hor 
CAE 
Or! 
GEM 
CNc 
CAR 
LM1 
LEo 
CAR 
CAR 
UMa 
Crv 
SS Vir 
T UMa 
2 Vir 
R Vir 
2 Vir 
UMa 
UMA 
R Hya 
VIR 
CEN 
Boo 
Boo 
CrB 
Nor 
Nor 
SER 
V CrB 
U Her 
RS Sco 
RR Sco 
X Crp 
R Aor 
R Scr 
R Ser 
x Cyc 
x te 
RT Cyc 
T Cep 
R Cas 


~~ 


| 


DADA CHA 


AANN 


Dd 


NWNnN 


AAANAADA 








Date 
Nov. 12 
Oct. 9 
Dec. 10 
Oct. 10 
Jan. 10 
Sept. 12 
May 11 
Nov. 30 
Feb. 13 
Jan. 2 
Jan. 28 
May 29 
July 1 
July 17 
\pril 0 
April 7 
Sept. 13 
May 18 
Oct. 16 
July 13 
June 22 
Mar. 2 
July 25 
Dec. 17 
Mar. 8 
Oct. 21 
Oct. 9 
Nov. 4 
April 12 
May 13 
Dec. 22 
Oct. 1 
May 26 
Nov. 3 
Oct. 24 
Aug. 12 
Tuly 20 
June 23 
May 14 
Nov. 7 
Aug, 23 
Feb. 28 
Nov. 14 


Tuly 31 
Mav 22 
April 30 
Tune 25 
Tune 7 


The variables tabulated 


Max 


ANNWNNN % 


~ 





DAN ANNINTOANOANN NNN NNN NAN BNNNNN NNN NSA A UIN BINNS NI 


. Mag. 
.0 
0 
0 
0 
.0 
0 
0 
0 
0 








94 







































Variable Stars 





Present Magnitudes of Novae: From observations communicated by A.A.V. 
S.O. members, the magnitudes of a number of novae have been obtained: 


Designation Name Magnitude 
032443 Nova Per, 1901 12.8 
184300 Nova Aql, 1918 41.6 
195553 Nova Cyg, 1920 14.0 
063462 Nova Pic, 1925 9.6 
051316 Nova Tau, 1927 [15.0 
180445 Nova Her, 1934 7.8 
221255 Nova Lac, 1936 9.3 
191201 Nova Aql, 1936 8.8 
192207 Nova Aql, 1936 9.54 


Recent A.AV.S.O. Publications: Material contributed mainly by A.A.V.S.O, 
is the basis of the following current publications dealing with variable stars: 

Annals of Harvard College Observatory, Vol. 104, No. 3, containing 11,386 
observations on 516 variables contributed during the months of May, June, and 
July, 1936. 

Harvard Circular 415, “Light Curves of Peculiar Variables in 1935,” contain- 
ing observational data and light curves of twelve peculiar variables; three of the 
SS Cygni type, two of the Z Camelopardalis type, four of the R Coronae Borealis 
type, and RScuti, TOrionis, and RRTauri. Observations totalling 8060 are 
represented in these tables and light curves. 


Harvard Circular 418, “Observed Dates of Maxima and Minima for 1935,” 
as compiled from light curves containing approximately 44,000 observations. 

A.A.V.S.O. Bulletin (December 1936) giving predicted dates of maxima and 
minima of Long Period Variables for 1937. 

A.A.V.S.O. Julian Day Calendar for 1937. 

SS Cygni Type Variables: SS Cygni continues to act in an erratic manner. 
Maximum 279 was of long duration, slow rise and fall, yet it reached magnitude 
8.3, this maximum being characteristic of the very infrequent type C5. The vari- 
able, instead of fading to the normal minimum magnitude, near 12.0, increased in 
brightness after a minimum at 11.5, and was at 9.8 on January 2, 1937. U Gemin- 
orum passed through a wide maximum in December, reaching magnitude 8.9 on 
December 16. The preceding observed maximum was of the same type and oc- 
curred in May, 1936. Probably a narrow type maximum occurred in between, but 
no observations of it are available. A wide type maximum of SS Aurigae was 
observed in November, 1936. The time of rise from minimum magnitude 14.0 to 
maximum magnitude 10.8 was four days—an unusually long interval for this star. 

A.AV.S.O. Photographic Regions: Photographic observations are now a 
part of the systematic program of the A.A.V.S.O. Dr. Shapley, the President of 
the Association, has selected ten regions of the sky, each covering about a hundred 
square degrees, as special fields for the study of variables. They are designed for 
observation by A.A.V.S.O. members who are particularly interested in carrying on | 


photographic work. 
The regions have centers in the following positions (reduced to the epoch of 
1950) : ( 
TABLE OF CENTERS ; ( 

Region Central Position Constellation Known : 

h m Variables 1 

I 155 +-57° Cassiopeia, Perseus 15 ; 

II 5 5 140 Aurigae 17 ; 

III 5 15 — 3 Orion 14 

5 15 +19 Gemini, Taurus 10 é 
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Region Central Position Constellation Known 

h m Variables 
V 8 35 +16 8 
VI 14 30 1.29 6 
VII 16 15 +51 Draco 4 
VIll 20 20 +34 17 
IX 21 45 +44 Cygnus, Lacerta 13 
X 22 25 +55 ( epl eus, Lacerta 14 


The list of known variables has been taken from the Katalog und Ephemer- 
iden Veranderlicher Sterne Fiir 1937, edited by the Astronomische Gesellschaft 
Committee for Variable Stars. It includes stars which are: 


(1) Within approximately 5° of the centers; 


(2) Brighter than 11.1 throughout their variations, or if fainter than 11.0 at 
minima, of the ninth magnitude or brighter at maxima. 
: In these fields are to be found variable stars of many types; cepheids, eclips- 
ing stars, long period variables, semi-regular variables, and a few others. 
y It is planned to have these regions photographed with suitable cameras (either 
: ttached to existing telescopic equipment or independently mounted with specially 
constructed clock drives). Uniform methods will be used by all observers, so 
. that the regions will be systematically photographed. 
Exposures will, of course, depend on type of equipment used and seeing con- 
ditions, In the main, the plates will be taken in blue light, preferably on a stand- 


ard emulsion, and with exposures from fifteen minutes to an hour; occasional ex- 

d posures of longer duration will be made when required and feasible. Guiding is 
planned when accurate clock rating is not possible. 

Mr. Lynn H. Matthias, of 2121 East Capital Drive, Milwaukee, Wisconsin, is 

Chairman of the Photographic Committee of the A.A.V.S.O. Correspondence re- 








4 garding this new work should be addressed to him. 
4 Almost any first class lens which can be fitted to a good, light-tight, rigid, 
4 camera box and made to follow on the stars can be used for the work. Even star 
' trails obtained with cameras having no clock drives have a value, but vastly 
= better results can be secured with well-equipped, astronomically mounted cameras 
: or photographic telescopes. 
nt The Committee will be glad to assist in this work, not only in obtaining good 
- and useful plates, but, if desired, in measuring magnitudes and reducing the 
to measures. The plates should eventually provide a wealth of material for the de- 
“ tection of new variables, including novae, as well as for the study of well-known 
. existing variables. Codperation of earnest workers, especially those having suit- 
of able instruments at their disposal, is sought. 
ed A Peculiar Eclipsing Star: Mrs. Margaret W. Mayall, of the Harvard Ob- 
for servatory, recently discovered an eclipsing star in the constellation of Pavo— 
on J C.P.D. —66°3307, 18" 10™7 —66° 7’ (1900)—which presents peculiarities hitherto 
unknown in stars of this type. Although the normal maximum brightness is around 
of the tenth magnitude, there are times when the star is at magnitude 8.8, while at 
other times it barely attains magnitude 11.8. There is also a marked difference 
observed in the depth of minimum, ranging from 11.8 to 13.8. There appears to 
be a perfectly uniform period of variation of 605 days, which places the star in the 
S restricted class of long period eclipsing stars, to which such stars as € and ¢ Auri- 


1 


gae belong. Curiously enough, the occurrence of high or low maxima are not cor- 
related with shallow or deep minima. The deepest minimum may be followed by 
a very high maximum. 
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The few spectrum plates available indicate a spectrum of the P Cygni type, 
and here again we have a remarkable feature, for no other eclipsing star has, with 
certainty, been identified with a P Cygni spectrum. Have we here an instance of 
an eclipsing star involved in a very distant nebulosity, perhaps an extra galactic 
-“tramp” passing through the nebula surrounding an old nova of the P Cygni type? 


January 12, 1937. 





The Light Variations of Alpha Cassiopeiae 


The star Alpha Cassiopeiae (R.A. 0" 34™ 50°; Decl. +55° 59’; Spectrum KO) 
is a well-known irregular variable with a range that is usually given as being 
from magnitude 2.2 to magnitude 2.8, although all catalogs do not agree as to 
the range. Schlesinger’s “Catalog of Bright Stars” gives the parallax as 0°017, 
which gives an absolute magnitude of from —1.6 to —1.0, too bright for a nor- 
mal K star and too faint for a super-giant. The star is the brightest star of the 
class K irregular variables and is the second brightest variable of any kind in the 
sky, only Betelgeuse being brighter. 

Aithough a bright and even a conspicuous star, the writer is ignorant of any 
long series of observations on it previous to his own. As the small-range, irregu- 
lar variables of spectral class K have been but scantily observed, it seemed to the 
writer that a long series of observations on Alpha Cassiopeiae might result in some 
interesting though minor discoveries. Between November 9, 1930, and July 31, 
1933, 470 observations were made by the A.A.V.S.O. method. The comparison 
stars used were 8, Y, and 5 Cassiopeiae, ¢ Ursae Majoris, and 8 Ursae Minoris. The 
last two stars, though rather distant from the variable, were selected by reason of 
their reddish color. 

The following points were brought out by a study of these observations: 

(1) Normal magnitude, the magnitude of the star about 80% of the time, is 
between 2.3 and 2.4, The star will stay at this brightness for several days, some- 
times even for weeks at a time, with scarcely any variation. 

(2) The star is frequently at its maximum brightness, magnitude 2.2, and will 
at times remain there for several days before fading to normal or fainter. More 
frequently, however, the brightness drops back to normal within 24 hours. 

(3) At intervals of from four to forty days, the star fades from its normal 
magnitude, in a manner that resembles, in some respects, the R Coronae stars. The 
star will recover its brightness sometimes within twenty-four hours, and always 
within a week. The changes seem to be unpredictable, but as a general rule the 
fainter the minimum, the longer its duration. Minima in which the faintest mag- 
nitude is 2.6, are much more common than minima which are fainter. 

(4) There is no quasi-stable magnitude fainter than 2.4. In other words, 
when the star is fainter than magnitude 2.4, it is always in variation, 

(5) The most common rate of variation is about 0.1 magnitude per day, but 
upon occasion the star varies through half a magnitude in three or four hours. 

(6) The term “length of cycle” seems to be ambiguous. If we count cycles 
of all kinds, including those resulting from the very common small fluctuations 
when the star is above magnitude 2.4, the average length of cycle is about three 
days; but if we count only the well-marked minima of magnitude 2.5 and fainter, 
then the average length of cycle is twenty days. 

(7) The light curve in its general shape resembles that of an R Coronae stat. 
In fact, when Alpha Cassiopeiae is brighter than magnitude 2.4, it behaves exactly 


as an R Coronae star at maximum. Where the difference comes in is in the shal- 
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lowness, short duration, and frequency of the minima compared with the minima 
of typical R Coronae stars. 

(8) The star gets redder as it fades. At magnitude 2.2, it is markedly whiter 
than Arcturus, at magnitude 2.8, it is nearly the color of Betelguese, and matches 
the K5 star, 8 Ursae Minoris, exactly. 

It may be mentioned that the light variations of Alpha Cassiopeiae are marked- 
ly different from those of Class M irregulars like Betelguese and R Lyrae, and the 
Class N irregulars like Y Tauri and UU Aurigae. 

The irregular variables of classes M and N resemble long-period variables in 
many ways; in fact they might be said to be long-period variables with indetermin- 
ate periods. Alpha Cassiopeiae, on the other hand, might be described as resembling 





an R Coronae star with very shallow minima and short cycles. It should be men- 
tioned, however, that the short cycles, the shallow minima, the occasional bursts 
of extremely rapid variation, and the marked changes in color are certainly very 
different from the phenomena encountered in typical R Coronae stars. 





: a “ 
Christine, North Dakota. Novn W. McLeon. 





METEORS AND METEORITES 


Meteor Notes from the American Meteor Society 
By CHARLES P. OLIVIER, President 

During the past six weeks many reports have come dealing with the Leonids 
and the Geminids, as well as a few on the Orionids and some of observations in 
previous years. The data for Leonids and Geminids appear in Table I. All our 
information indicates that the Leonids gave a very small display, the highest 
Leonid rate for one observer being that of Loreta, who saw 6.6 per hour on the 
night of November 17-18 at Bologna, Italy. We also have a series of Leonid ob- 
servations from Japan by K. Komaki and his sister and wife. Their highest rate 
was 5 per hour on November 16-17. Komaki sends me a mimeographed report 
covering all the three showers mentioned above, with observations on several nights 


each. From these he derived six Orionid and five Geminid radiants. A report of 
this work may be reproduced later in Meteor Notes, as the Orionid radiants par- 
ticularly show motion towards increasing Right Ascension—a thing I have found 
true of my own work in past years. Japan is to be congratulated on having a 
number of meteor observers who are doing good work. 


It is hard indeed to estimate how valuable it would be to meteoric astronomy 


if there were active observers living in all longitudes of both hemispheres. As it 
is, the chances are large that brief, even if brilliant, showers may be wholly missed. 
Incidentally a group in the Hawaiian Islands who were able and willing to observe 
with regularity would be in a most strategic position, helping to fill one of the 
greatest of the longitude gaps. 


The Geminid meteors, according to such reports as have come in, some of 
which are included in Table I, seem to have appeared in average abundance. Be- 
lated reports on the Orionids confirm the unexpected richness of that shower. 
Speaking wholly from memory, and not from examination of past records, I be- 
lieve that 1936 gave the maximum Orionid display since these meteors have been 
seriously observed. 


I have just received from J. Wesley Simpson the November number of the 
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Astronomical Discourse, the official organ for the Missouri-Southern Illinois Ob- 
servers. This mimeographed paper contains, in addition to other items of interest, 
a full résumé of the meteor work done by our A.M.S. group, with numerous help- 
ers, under Simpson’s guidance as regional director. For the first eight months of 
1936, he reports that 35 observers, working on 69 different nights a total of 215.3 
hours, were able to observe 2980 meteors. This is a gratifying total and both the 
group and its leader are to be congratulated; Simpson was personally responsible 
for 471 of the meteors reported. This group is one of our most active at the 
present time. It shows what interest can be aroused in a community when a real 


} 


leader can be found. 


TABLE I 


Time 1936 Total Mete- 
Observer and Station Used Nov. Began Ended Min. F. ors RateC.R. 
Mary L. Jewett, Grandview, CST 12-13 14:00 15:00 60 10 5 50 5.0 
Tennessee 13-14 13:00 14:00 60 10 6 60 6. 
(*1)E. ‘Loreta, Bologna, TMUG 16-17 8:30 14:25 300 1.0 89 17.8 178 
(*2) Italy 17-18 8:30 14:25 306 10 46 9.2 92 
Ge Ae xan. College Sta- CST 45 9:0 18:2 iz 180 OD 4. as 
(*4) ti Texas 20-21 10:30 11:30 60 04 9 
(*5) 21-22 9:40 11:20100 05 23... .. 
F. Preucil, Joliet, Ill. CST 20-21 9:45 10:45 60 08 5 50 63 
(*6)S. Bunch, Wheatland, CST 13-14 12:28 13:30 62 10 7 68 68 
(*7) Oklahoma 14-15 13:30 14:36 66 1.0 21 19.1 19.1 
(*8) Amateur Astronomer’s As- 
sociation, Bethel, Conn. EST 12-13 12:00 14:12 122 1.0 55 
(*9)K. Komaki, Kanaya Japan 9"E 11-12 16:31 17:11 40 0.7 7 10.5 150 
Miss Komaki, Kanaya, Japan O"E 12-13 15:10 16:30 80 0.7 14 10.5 150 
13-14 15:30 16:30 60 0.9 10 10.0 111 
(*10)K. Komaki, Kanaya, S"E 13-14 15:36 16:56 80 0.9 21 15.8 17.5 
(*11) Japan 14-15 15:30 16:15 45 0.9 12 16.0 178 
(*12) 16-17. 13:45 15:45 120 0.9 25 12.5 139 
(*13) Mrs. Komaki, Kanaya O"E 16-17. 13:45 15:45 120 0.9 37 18.5 20.4 
(*14) Miss Komaki, Kanaya 9"E 17-18 14:28 16:28 120 0.6 26 13.0 217 
(*15)K. Komaki, Kanaya O"E 17-18 14:37 15:57 80 O08 21 15.8 198 
Dec. 
J. H. Pruett, Eugene, Ore. PST 12-13 10:02 10:32 30 08 9 18.0 225 
F. W. Smith, Vineland, N. J. EST 13-14 9:30 10:30 60 08 9 9.0112 
J. Leerman, Baltimore, Md. EST 13-14 13:20 15:25 125 .. 21 10.0 
14-15 13:00 14:00 60 .. 2 2.0 
(*16)J. T. Kent, College 
Station, Texas CST 11-12 12:59 14:10 71 1.0 
(*17)Mary L. Jewett, Grand- CST 7-8 8:30 10:00 60 1.0 
(*17) view, Tenn. 8-9 9:30 10:30 60 1.0 
(*17) 12-13 9:00 10:00 6060 10 16 .. 
12-13 10:30 12:00 60 1.0 39 39.0 39.0 
(*18) Frank Preucil, Joliet, Ill CST 12-13 9:36 10:36 60 1.0 17 17.0 170 


REMARKS 


(1) 33 Leonids. (2) 14 Leonids. (3) 5 observers; 72 plotted. (4) 6 observers; 
9 plotted. (5) 4 observers; 18 plotted. (6) 1 plotted; 1 Leonid. (7) 4 Leonids, 
plotted. (8) Plotted. (9) 1 Leonid. (10) 4 Leonids. (11) 3 Leonids. (12) 6 Leon- 
ids. (13) 10 Leonids. (14) 8 Leonids. (15) 3 Leonids. (16) 5 observers. (17) 
From window. (18) 10 Geminids. 


Table II presents a list of radiants, 21 due to B. S. Whitney in 1936 and 49 
from the 1928 A.M.S. records. Several of the main showers are well represented. 
Attention should be specially called to the good series of Orionid radiants, the 
positions of which tend to confirm the motion of this radiant. S. Bunch was re- 
sponsible for 6 of the 11. As will be noted, it is our policy now, as a rule, to pub- 
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A.M.S. 

No. 1936 
2019 Jul 22 
2920 July 22 
2921 July 22 
2922 July 23 
23 Ju 28 
924 July 28 
29025 July 28 
1) ?6 Aug. 8 
9027 Aug. 8 
928 Aug. 7-8 
2929 Aug. 5 
030 Aug. 8 
2931 Aug. 8 
2932 Aug. 10 
033 Aug 14 
2934 Aug. 14 
2935 Aug. 14 
036 =Aug. 17 
937. «— Aug. 18 
938 «= Aug. 12 
939 Au 12 
him 

A.M.S. 

No. 1928 
1624 Aug. 11 
1625 Nov. 10 
1626 Aug. 11 
1627. Aug. 10 
1628 Aug. 10 
1629 Aug. 11 
1630 Aug. 10-11 
1631 Oct. 20 
1632 Aug. 10 
1633 Aug. 11 
1634. Aug. 11-12 
1635 Aug. 11 
1636 Ni v. 10 
1637. Nov. 10 
1638 Nov. 16-18 
1639 Nov. 11 
1640 Nov. 10 
1641 Nov. 17 
1642 Oct. 16 
1643 Oct. 17 
1644 Oct. 20 
1645 Oct. 19 
1646 Oct. 19 
1647 Oct. 20 
1648 Oct. 20 
1649 Oct. 20 
1650 Oct. 23 
1651 Oct. 23 
1652 Oct. 23 
1653 


Nov. 11 
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See 25947, 1093 
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Aug. 12 


1062? 


observations made by 


Remarks 
See 335?, 174 


Perseids 
Perseids 


Perseids, diffuse 


Perseids 
Perseids 


See 672, 678, 1596 


Perseids 
Perseids 
Perseids 
Perseids 


See 748? 


Orionids 
Orionids 
Orionids 
Orionids 
Orionids 
Orionids 
Orionids 
Orionids 
Orionids 
Orionids 
Orionids 
See 806? 








Meteors and Meteorites 


A.M.S. No. of 

No. 1928 R.A. Decl. Meteors Wt. Obs. Remarks 
1654 Dec. 11 109.5 34.0 11 Good C.P.QO. Geminids 
1655 Dec. 13 110.9 33.0 17 Good S.B. Geminids 
1656 Dec. 13 113 31 6 i2 Good O.E.M. Geminids 
1657 Oct. 10 116 53 5 Good V.A. 

1658 Nov. 15 149.2 23.3 16 Good C.P.O. Leonids 
1659 Nov. 10 149.2 21.7 13 Good _ S.B. Leonids 
1660 Nov. 10 149.3 23.0 6+ V.G. Bs. Leonids 
1661 Nov. 14-15 150 24 «154+ Good C.D.H. Leonids 
1662 Nov. 17 150.9 22.6 7+ Good _ S.B. Leonids 
1663 Nov. 19 153 mo 66 Poor S.B. Leonids 
1664 Oct. 10-11 175 84 8 Fair V.A. 

1665 Jan. 3 224 53.5 10 Good C.P.O Large area 
1666 Apr. 24 276 38 6 Poor S.B. Lyrids, diffuse 
1667 Apr. 22 276 37 7-10 Poor S.B. Lyrids, diffuse 
1668 Oct. 10 292 63 5 Fair V.A, See 1669 
1669 Oct. 11 296 63.5 5 Good V.A., See 1668 
1670 Oct. 7 325 30 5-6 Fair V.A. 

1671 May z 326.4 —17 3 Good  S.B. nm Aqr. 
1672 Oct. 10-11 331 +66 6 Good V.A. 


‘These radiants for 1928 were derived at Flower Observatory from meteor 
paths plotted by the following eu V. Anyzeski, Robert Brown, D. C. 
Bubar, Sterling Bunch, C. B. Ford, C. D. Higgs, J. H. Logan, O. E. Monnig, C. 
P. Olivier, B. Sanders, Goodrich Wat lie s, and B. S. Whitney. 


lish only radiants based upon five or more meteors, unless the position is a con- 
firmation of one in our former lists. In general, also, unless there is reason for 
including them, radiants rated “poor” are omitted, even though they may have 
been located by five or more meteors. 


Our latest list of new members appeared in June-July, 1935. Since that date 
we have welcomed the following persons: 


Russell And erson, 2415 N. Kildare St., Chicago, Il. 

S. R. Fairbrother, Tadmor, Nelson, New Zealand. 

Edward Hanna, 82 E. 121st Street, New York, N. Y. 

Gerald B. Skinner, 485 Pleasant St., Brockton, Mass. 

R. H. Combs, 46 Lauder Ave., Toronto, Ontario, Canada. 

‘Gore ned Asm 40 Roland St., Pittsfield, Mass. 

im; ¢ +? ley Pearce, Box 524, Kellogg, Idaho. 

F. A. Halbac *h, 2346 N. 47th St., Milwaukee, Wis. 

tank M. Harrison, 2461 N. Franklin St., Philadelphia, Pa. 

— Inouye, 146 Nakagawahigashi, Maeshinden, Atsuta, Nagoya, Japan. 
Wm. Callum, 1319 W. 78th St., Chicago, Tl. 

Rollin Gillespie, 7723 Lansdowne Ave., Shrewsbury Park, Webster Groves, Mo. 
Everett A. Marsh, R.F.D. No. 2, Monkton, Maryland. 

Bernard H. Witts, 409 Edgewood St., Norwood, Winnipeg, Canada. 
Alpha Nu Fraternity, Delta Chapter. 

David Hunter, 1618 Villard Street, Eugene, Oregon. 

Edmund J. Cann, 433 Comly Ave., W. Collingswood, New Jersey. 
Albert E. Waugh, Connecticut State College, Storrs, Conn. 

Robert Shields, 3142 Kensington Road, Cleveland Heights, Ohio. 
C. H. Schmidgall, 307 Cass Street, Peoria, Illinois. 

Erwin H. Christman, 90 Nelson St., Farmingdale, L. I., New York. 
Dr. D. M. Milne, 805 Fidelity Bldg., Portland, Maine. 

Miss Dorothy A. Bennett, Hayden as New York Citv. 
Claude H. Smith, R. D. No. 3, Waterloo, 

F. K. Vreeland, 140 Cedar Street, New York City, 

A. N. Spitz, Newton Square, Pennsylvania. 

C. N. Joyner, care of British Municipal Council, Tientsin, China. 
Abington High School Science Club, North Abington, Mass. 
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Wm. R. Stone, 825 Cacique St., Santa Barbara, California. 
*Howard Stackpole, 600 S. 14th Street, San Jose, California. 
*Leon Arslanian, 154 N. 8th Street, San Jose, California. 

S. H. Horton, 2 Williams Street, N. Quincy, Mass. 

Flower Observatory of the University of Pennsylvania, 
Upper Darby, Pennsylvania, 1937 January 18. 


‘Probational. 





On Von Niessl’s Velocities for Meteors 
By C. C. WYLIE 





For some years the paths we have determined for fireballs have been based 
almost entirely on measures of the apparent path of the meteor. These measures 
are made by trained persons who interview the observers of the meteor having 
them stand exactly where they were when the meteor was seen. Estimates, even 
when made by persons familiar with angular measurement, have been discarded 
as unreliable. 

Measures with good landmarks give a very close determination of the end- 
point. Apparently, where an interviewer circles the endpoint of a bright meteor, 
the location should be determined with an uncertainty of much less than a mile. 
The endpoint is, in general, the lowest point of the path, and the landmarks for 
fixing it should be the best. Further, after the bursting and disappearance, there 
is nothing to distract the attention of the observer, and it is natural to mentally 
fix the position of the endpoint with respect to nearby landmarks. 

The point where the observer first notices the meteor is not so well determined. 
This is, in general, higher in the sky and with poorer landmarks. Further, he 
glimpses this point only momentarily, as his eyes naturally follow the meteor from 








there to the point of bursting. However, if we restrict ourselves to those observ- 
ers who have the point of beginning fixed by good landmarks in familiar surround- 
ings, we find a surprisingly good agreement. It is evident that within the area 
where the meteor lights up the landscape noticeably, people who are out in the 
open look up almost simultaneously. 

There is a conspicuous tendency for persons who see the path of the meteor, 
without good and familiar landmarks, to greatly lengthen the path. Often an ob- 
server sees a meteor trail in a region of sky limited by trees, chimneys, buildings, 
ora window. He knows that the entire trail was inside this limited field, but a 
person with poor landmarks only a block away may extend the trail 40° or there- 
abouts outside the limit of this field. The fictitious lengthening appears also when 
we compare measures taken in such a limited area with the estimates made by the 
same person before the measures are taken. The azimuth may be changed by as 
much as 80°, and the length of path may be reduced to one-fourth of that esti- 
mated by a person familiar with angles. The lengthening is further shown when 
the radiant is calculated by using the endpoint and the apparent slope of path as 


measured for the various observers. The radiant may be accurately determined, 
yet many reports will indicate points of beginning beyond the radiant, an obviously 
impossible position. 

A study of the paths computed from measures indicates that the height at 
which a brilliant meteor illuminates the landscape noticeably is reasonably con- 
stant, usually between 40 miles and 55 miles. The height of beginning as indicated 
by the majority of the rejected reports is much higher, and there is no real agree- 
ment. 
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We have not obtained definite evidence of deceleration on any fireball. There 
may be an apparent deceleration, which is merely the result of foreshortening as 
the distance of the meteor increases. There may also be a fictitious slowing down 
when the path of a meteor passes from open sky to a region of good landmarks, 
The first part of such a path may be greatly lengthened by the psychological effect, 
This mentally increases the apparent speed for the early part of the path. For the 
latter part of the path, limited by good landmarks, the mental image of the dis- 
tance travelled, and of the apparent speed is more nearly correct. The best ob- 
servations, however, indicate that the deceleration is too little to be detected by 
our measures. 

The apparent velocity obtained for the visible portion of the path indicates a 
heliocentric velocity a little below parabolic, where the measures are reasonably 
complete. The velocities obtained from the discarded reports are in nearly all 
cases much higher than those obtained from the adopted paths. In every case the 
longer discarded paths lead to hyperbolic velocities. 

Let us now examine the results obtained by Von Niessl for a meteor which 
fell at 6°30™9p.m., September 23, 1910. It fell about half an hour after sunset, 
and so was essentially a daylight meteor. The observers had to fix the path with 
respect to terrestrial landmarks, rather than with respect to the stars. The meteor 
did not attract general attention until lower and brighter than a brilliant fireball 
at night. 

The following table, condensed from the one prepared by Von Niessl, shows 
the resulting height of appearance, duration, and velocity for observers of the 
path, 


Height Length Duration Velocity 
73.2 miles 235 + miles 5.0 seconds 47.0 miles 
48.5 miles 142. miles 4.1 seconds 34.7 miles 
29.7 miles 66.0 miles 4.4 seconds 15.0 miles 
25.4 miles 49.7 miles 5.0 seconds 9.9 miles 


Von Niessl adopts an apparent velocity of 27.4 miles per second. This gives 
a geocentric velocity of 26.4 miles per second, and a heliocentric velocity of 41.3 
miles per second. This is a distinctly hyperbolic velocity. 

Von Niessl weights the various results by the number of observations enter- 
ing and the distance from the endpoint. It had not occurred to him to consider 
as important whether or not the observer had good and familiar landmarks to fix 
the path. He shows a disposition to favor the longer paths, making the natural, 
but erroneous, assumption that the observers who report these long paths are the 
only ones who saw the entire path. He also is disposed to reject or revise the 
longer estimates of duration. We can, therefore, assume that his path is extended 
beyond the real in both directions, and also that the durations are somewhat short, 
rather than long. 

Let us now apply the information obtained from the more recent work with 
measures to Von Niessl’s results. First, the fact that the four durations obtained 
by Von Niessl are practically the same suggests that the duration was in reality the 
same for the different groups of observers. This has been found to be the case in 
the recent work, and it is the only reasonable interpretation of Von Niessl’s table. 
Accepting his figures as correct leads to the absurd result that the meteor travelled 
at an infinite speed for the first 185 miles of its visible path, then suddenly slowed 
down to about 10 miles per second for the remainder of its path. 

The real height of appearance should be most nearly represented by the group 
reporting the shortest paths, which leads to an apparent velocity of 9.9 miles per 
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second, a geocentric velocity of 7.0 miles per sec , and a heliocentric velocity of 
24.0 miles per second. This is an elliptical velocity. 
The reduction in length of path is no more than we have been finding in our 
recent work. Von Niessl’s path of length 235 miles, yielding an apparent velocity 
rt. We are assuming that the 
real length is about 49.7 miles, and the real velocity about 9.9 miles per second. 
On page 197 of our Contribution Number 6, or PopuLar ASTRONOMY, Vol. 43, 
1935, page 250, we found an even greater reduction on a modern meteor. A study 





of 47.0 miles per second is based on a single repx 
‘ 


of measures reduced the path of a fireball from a preliminary length of 235 miles 


to an adopted length of 34.6 miles. We conclude, therefore, that Von Niessl’s 





work on the fireball of September 23, 1910, furnishes real evidence for neither ap- 
preciable deceleration nor hyperbolic velocity. 

The author is greatly indebted to Fletcher Watson, of Harvard, for furnish- 
ing an abstract of Von Niessl’s paper in Akad. Wiss. Wien, Sitz, Math. Natu., Vol. 
121, 1912, pp. 1883-1936. Mr. Watson noticed that the durations reported for the 
various lengths of path were almost identical, and that Von Niessl favored the 
longer paths and shorter durations. The abstract and comments saved consider- 


able time when the paper was finally obtained for study. 


University of Iowa, January 23, 1937. 


Contributions of the 


Society for Research on Meteorites 
Edited by FREDERICK C. LEONARD, President, and H. H. NININGER, Secretary 


A Probable Occurrence of Free Copper in a Meteorite 
By JoHN Davis BuDDHUE 

I recently secured a mass of iron weighing 111 ounces (3.12 kilograms), un- 
der the impression that it was native iron from Ovifak, Disco Island, Greenland. 
Etching a polished surface developed beautiful Widmanstetter figures, which 
showed that the specimen was in all likelihood not native terrestrial iron, but very 
probably a meteorite. It is true that both A. Daubrée and J. L. Smith’ have re- 
ported Widmanstetter figures in the Greenland iron, but A. Brezina and others 
were unable to confirm their findings in this respect. Dr. L. J. Spencer has in- 
formed me that Sir Harold Carpenter has examined a specimen of Greenland iron 
in the British Museum and found no Widmanstetter structure in it.2 Moreover, of 
the 25 analyses available to me, only one (that due to J. L. Smith) shows over 3 





percent of nickel. In a previous paper, I have attempted to show that the Widman- 
stetter structure is not to be expected in alloys containing less than about 6 percent 


of nickel. Analyses may be quoted for meteorites with undoubted octahedral 
3 





structure which contain only 2 or 3 percent of nickel. In some of these cases, the 
analysis was made many years ago when satisfactory methods of separating nickel 
from iron were not available. Furthermore, when duplicate analyses exist, one or 
more will show usually the required quantity of nickel. 

Professor H. H. Nininger, who has examined a small specimen of this so- 
called “Greenland” iron, was of the opinion that it closely resembles, and is perhaps 





* Ann. de chim. et de phys., 16, 452, 1897. 
* Nature, 186, 152, 1935. 
*C.S.R.M., P. A., 44, 511, 1936. 
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identical with, iron from the Xiquipilco (Toluca), Mexico, fall. He saw the mass 
before it was cut and remarked at the time that it resembled a meteorite more 
than any native iron that he had ever seen. I have compared sections of this iron 
with a fine specimen of Xiquipilco, both macroscopically and microscopically, and 
can find no significant differences, except in that my iron is characterized by num- 
erous minute troilite nodules which make etching with “nito!” (5.5 parts of nitric 
acid in 100 parts of 95 percent alcohol) advisable. My specimen of Xiquipilco 
contains no troilite whatever, but both it and this “Greenland” iron show identical 
etching pits which are different from those of any other iron in my collection, 
Thus it would seem that my “Greenland” iron is merely a mislabeled specimen of 
Xiquipilco. On the other hand, the firm from which I secured the specimen as- 
sured me that the iron is Greenland iron, although their records did not reveal 
from whom they had obtained it. 

The exterior of the mass in question is covered with a scaly coating of hard 
rust, brown to nearly black, with occasional greenish stains. In one place this 
coating is broken by an “outcropping” of a hard, dark steel-gray mineral with an 
apparently cubic cleavage. This mineral is very brittle and is presumably schrei- 
bersite. The general shape of the mass is that of an irregular polyhedron with 
nearly flat to slightly concave sides. One of the largest surfaces is distinctly con- 
cave and one is ragged, as a result of the removal of a part of the metal some 
time in the past. The fracture is now obscured by rust, but it appears that the 
iron broke in directions parallel to the kamacite bands. 

Several thin sections were sawed from the iron with a hacksaw at the expense 
of a great deal of labor. Some idea of the hardness may be gained from the fact 
that it required two hours, and half a dozen hacksaw blades, to remove a section 
about an inch and a half iri diameter. The sections nearest the surface were con- 
siderably fissured, but on the last surface exposed the iron was nearly free from 
cracks and most of those present were very narrow. 

Lawrencite was so abundant that unprotected surfaces quickly showed large, 
blue-green spots which later changed to brown. Even under a protective layer of 
“Nitrokote” lacquer, brown dots soon appeared. Numerous minute particles of 
troilite stained the surface when it was etched with nitric acid. Two larger nodules 
were encountered, the largest being 4.5mm. in maximum diameter. This one 
only, had a rim of lighter-colored material nearly inclosing it. The rim was of 
variable width, which ranged from about one half to nearly one millimeter from 
the troilite to the metal. The composition of this rim is uncertain, but it is appar- 
ently a granular form of schreibersite mixed with a small quantity of black 
material which is presumably graphite. Specks of difficultly soluble, metallic- 
appearing material were encountered by the analyst in dissolving a sample of this 
“Greenland” iron. Ina particularly large particle of the black substance a core of 
metal with exactly the color and luster of polished copper was found. This 
particle was roughly oblong and of a size (about 0.1mm, in length), large enough 
to be clearly discernible with the naked eye, although best observed under a micro- 
scope. On account of the small quantity of it available, it was thought desirable 
to preserve the specimen intact rather than to attempt to prove chemically that the 
particle is really copper. I feel sure that the appearance of the metal is not ‘due to 
oxidation of schreibersite or cohenite, as its color is exactly like that of copper, 
and it is not brownish, as are the latter substances. Moreover, the metal had been 
freshly polished and had not had time to become oxidized, " 

This is not the first time that free copper has been reported in a meteorite; 
Dr. T. T. Quirke reported it in the vein material of the Richardton, North Dakota, 
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aérolite (type Cca).* As far as I have been able to determine, his is the only other 
record of its kind, and, as stated, the copper he detected occurred in an aérolite, 
not a siderite, as in the present instance. It has been remarked by several authors 
that copper seems to be an almost constant constituent of iron meteorites, but only 
as an alloy with other metals and only in small quantities, usually less than 0.10 
percent. 

Near the edge of the last section cut off, a short lamella of the same material 
as that containing the copper, but with no black specks in it, was found running in 
a direction parallel to one direction of the kamacite bands. 


This lamella was about 
5mm. long and 0.6-0.7 mm. wide. 





AN ENLARGED MICROPHOTOGRAPH OF A PROBABLY FREE CopPER PARTICLE 
IN A MAss oF Metroritic Iron 
The particle is the irregular oblong granule surrounded by a dark area 
and indicated on the photograph by arrows. An idea of the scale of the 
. . - I ¢ - ‘ . . 
reproduction can be gained from the fact that the particle is approximate- 
ly 0.1 mm. long. 


The Widmanstetter structure of the meteorite is well developed and regular. 
Taenite is clearly visible and forms triangular “islands” in angles formed by the 
kamacite bands. These often have a black center which is homogeneous under a 
magnification of 100 diameters. Plessite is rare but what there is of it, is com- 
posed obviously of alternate bands of kamacite and taenite in directions parallel to 
the large kamacite bands. The kamacite is neither granulated, nor does it show 
undoubted Neumann lines. Certain lines were observed, but these are believed to 
be scratches, 

A sample of the “sawdust” from this “Greenland” iron was analyzed by Mr. 
Patrick of the firm of McKean and Patriek, Assayers and Chemists of Pasadena. 





*Economic Geology, 14, 619, 1919. 
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The results of his analysis were: 


Be ere ate alee una Kos mae aa 91.90 percent 
Beer eee re ire. 2 lo ica cron aad 7.29 
ee Re orc aac picisinnn ee ka eens 0.10 
RCE Cee tetera eee ene Retr eoire We oe: 0.09 
Bere ce career ntan vera ate hs ick aa NE . 0.08 
C and SiO, (by difference).......... 0.54 


Nickel was determined by precipitation with dimethylglyoxime; cobalt with 
nitroso-8-naphthol. Silica was present, but was not determined. This analysis 
could easily pass for that of Xiquipilco and is typical also of a medium octahedrite, 
of which this meteorite is an example. 

SUMMARY 

A mass of iron reported to have come from Greenland has been found to be 
probably a member of the Xiquipilco (Toluca), Mexico, fall. 

In a thick rim of schreibersite partly inclosing a troilite nodule, a particle of 
metal was detected which is visually indistinguishable from metallic copper. 

A brief description of the meteorite and its analysis are given. 

99 South Raymond Avenue, Pasadena, California. 

Addendum, 1937 January 7—Since the foregoing paper was written, I have 
proved that the small copper-like particle is really copper, or at least that it con- 
tains that element. A small quantity of nitric acid was placed upon it by means 
of a very fine pipette. This was followed in a few moments by ammonium 
hydroxide applied in the same way. The result was the appearance of the charac- 
teristic blue color of the complex copper-ammonium ion, The test used is extreme- 
ly delicate and is practically conclusive. No damage resulted to the particle. 


EpitorrAL Note.—The polished and etched section of the iron containing the 
possibly copper particle has been examined by the undersigned and compared with 
a larger but similar piece of Xiquipilco siderite in his own collection. There can 
be no doubt that the iron described by Mr. Buddhue is meteoritic, of which the 
conspicuous Widmanstetter figures prove that it is unmistakably a medium octa- 
hedrite, quite probably a fragment of the Xiquipilco fall. The granule in question, 
though very minute, had all the appearance, under a magnification of about ten 
diameters, of a freshly burnished fleck of metallic copper.—F. C. L. 

Doubtful Meteorites* 
By Joun Davis BuDDHUE 

Sometimes ordinary terrestrial rocks, or accidental masses of metal, chance to 
resemble meteorites so closely that they have acquired places in museums and re- 
mained incorrectly labeled for years. Many more are discovered to be false by 
experts before they get into collections. There are some, however, which, although 
examined by those who know much about meteorites, are yet in a position of 
doubt. These may be roughly divided into two classes: (1) those which contain 
nickel, and (2) those which do not. The latter are the more numerous variety. 
To these kinds should be added tektites, and various masses of iron which, though 
probably artificial, yet bear certain resemblances to meteorites, 

The Santa Catharina, Brazil, iron owes its uncertain position to a super 
abundance of nickel. It is not a single mass, but occurred probably as a shower 
over a triangular area several kilometers on a side. Several tons of the metal, 





*Read at the Fourth Annual Meeting of the Society, University of California 
at Los Angeles, June 23 and 24, 1936. 
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which was called catharinite, were collected and sent to England to be smelted 
for nickel, As a result, very little remains and much of that is in a badly oxidized 
condition. There seems to be little room for doubt that this material is meteoritic, 
as there is no indication of a terrestrial origin other than the abn rmally high 
nickel content. It is generally described as an ataxite (Dn or Df), which is in 
accord with its composition. I have seen also, in reference to this iron, mention 
of broad Widmanstetter figures, with scattered plates of taenite.’ Troilite and 
schreibersite likewise are present in small quantities. The specific gravity is given 
as between 7.75 and 7.84. The total mass was in excess of 25,000 kilograms. 

If a frequency distribution of the nickel content of iron meteorites is made, 
the curve is found to be skewed with a maximum near 6 percent. Its general shape 
is such that a very few meteorites might be expected with unusually high nickel 
contents. This fact may serve to explain the Santa Catharina and Oktibbeha 
County, Mississippi, irons. 

The Oktibbeha County, Mississippi, iron also is rich in nickel, though less so 
than the Santa Catharina iron. It is an ataxite of the Babbs Mill group (Db), 
with specific gravity 6.854. This somewhat low figure is due perhaps to inclusions 
of a silicate containing calcium and magnesium.” 

Much more doubtful is the metal found inclosed in a large mass of pyrite 
from the Planerkalk, near Chotzen, Bohemia. The nickel content of this is far 
below that of any authentic meteorite, being scarcely 0.6 percent. It is probably an 
example of native iron. 

Souesite, josephinite, bobrovkite, awaruite, efc., all contain up to 75 per- 
cent of nickel, the remainder being iron. The terrestrial origin of these materials, 
however, is beyond a doubt. 

Of the nickel-free irons, one of the best known examples is the Scriba, Oswe- 
go County, New York, iron. This was found in 1835 in a forest near some char- 
coal pits, and weighed originally 3.6 kilograms (8 pounds). It was roughly 


nt angles. The surface was covered 


I 





globular in shape, with two or three reéntr 





with a thin black coating resembling the fusion crust of meteorites. Etching a 
polished section produced no structure characteristic of meteorites, except perhaps 
ataxites. This iron is classed as Dn or Df, its appearance being “granular or 
stippled.” It was first analyzed and described by C. U. Shepard.* Although tested 
for, both nickel and cobalt were absent. 

Another nickel-free iron is the Walker County, Alabama, iron. This was first 
lescribed by Troost,’ and later by Shepard.’ It was a somewhat pear-shaped mass 
covered with a smooth, black crust up to % of an inch thick, and weighing 165 
pounds (74.8 kilograms). It was found in an uninhabited and unfrequented region. 
It was buried with the large end down and the small point projecting somewhat 
above the surface. This circumstance led to its discovery when a man rested his 
foot upon the projection, and then examined the object whose peculiar appearance 
was thus called to his attention. It is perhaps significant that meteorites of this 
shape (onchnoid) travel doubtless with the large end foremost. The fracture was 
very crystalline and the broken surface showed triangular lamellae, some of which 


were % of an inch long. The polished and etched surface showed several lines in 





*G, P. Merrill, U. S. Nat. Mus. Bull, 94, p. 194, 1916. 
*Field Columbian Mus, Publ. 120, p. 102, 1907. 

"Am. Jour. Sci., 40, 366, 1841: 54, 75, 1847. 

: m. Jour, Sci., 49, 344, 1845. 

"Am, Jour. Sci., 54, 75, 1847. 

°O. C. Farrington, Meteorites, p. 70, 1915. 
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such a position that, had they been longer, they would have intersected at 60 
angles. No Widmanstetter figures were produced, but, instead, glistening angular 
spots, “the size of fine-grained gunpowder,” occasionally interspersed with bright 
lines and fibers, were observed. Near the surface was one nodule showing a crys- 
talline surface and separated from the rest of the mass by a thin film of bright 
metal (cohenite or schreibersite?). Analysis showed traces of calcium, mag- 
nesium, and aluminum, with 99.89 percent of iron, but no cobalt or nickel. Chlor- 
ine was probably present, as phenomena suggesting the presence of lawrencite were 
observed. The specific gravity was 7.265. Except for the complete absence of 
nickel, one would hardly hesitate to call this an ataxite or perhaps an hexahedrrite, 

The Bedford County, Pennsylvania, iron was distinctly lamellar, the folia be- 
ing thin and much interlaced. The color and luster were said to resemble mispickel 
(silver white to steel gray). The specimen had the form of an injured crystal, 


probably an octahedron, and was highly magnetic and polar. The specific gravity 
is given variously as 6.915 and 7.337 (at 60° F.). The mass contains no nickel, 
sulphur, silver, or gold, but a notable proportion of arsenic and some carbon. 

This iron closely resembles native iron from three places in Missouri.’ The 
native iron in question was found near coal beds and is supposed to be of second- 
ary origin, although there is no direct evidence that the coal had anything to do 
with its presence. In two of the localities, at least, it was laminated, and it was 
possible to pull the lamellae apart with pliers. Occasionally there was a black de- 
posit between the layers. Etching developed a lamellar structure but no Widman- 
stetter figures, and analysis showed that the iron was more than 99 percent pure 
with insignificant proportions of carbon and phosphorus, but no nickel or cobalt. 
The specific gravity was between 7.43 and 7.88. 

Recently a mass of iron was found in Day Canyon, a few miles from Clare- 
mont, California. It is somewhat angular, with dimensions about 3 X 4 inches, 
One end has been sawed off by the owner and the residue weighs 885 grams. The 
surface is partly covered with a thin black coating having numerous small bumps 
ine cracks between them. Underneath is a thick layer of what seems to be 


and f 
magnetite. The core is iron, much intergrown with oxide at the boundary, and 
presents an odd appearance on the etched surface, difficult to describe but unlike 
that of any meteorite I have ever seen. Chemical analysis by Mr. J. D. Lauder- 
milk and spectrographic analysis by Dr. T. G. Kennard, both of Pomona College, 
agree that no nickel is present. The region in which this iron was found is rather 
far from any habitation, and it is difficult to imagine why anyone would trouble 
himself to carry nearly two pounds of iron into the mountains, 

Sometime in May, 1933, a prospector found an extremely irregular mass of 
metal several miles northwest of Lookout Mountain, Hood River County, Oregon. 
It lay on the surface of a small hill near a creek and at no great distance from the 
place where a pioneer road used to go about seventy-five years ago. This iron 
weighed nearly fifteen pounds and is clearly composed of two unequal fragments 
fused or cemented together and covered with a reddish-brown coating. There are 
stalagtitic structures on both sides as well as pits and cinder-like areas. Broken 
surfaces appear to be distinctly crystalline and an etched section shows a compact 
irregular crystalline structure. The individual crystals vary from one to four milli- 
meters in diameter. On several parts of the surface, and apparently also in the 
interior, there are stony areas composed of dark gray material inclosing nearly 
white, circular areas of various sizes, somewhat resembling chondri. Dr. H. o 


>, T. Allen, Am. Jour. Sci., 4th Ser., 4, 99, 1897. 
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“Ann. Acad. Brasileira Sci., 3, 33, 
*Am, Jour. Sci:, 36, 157, 1888. 

” Nat. Hist., 3, 44-56, 1931. 
*Tilustrated in U. S. Nat. Mus. Bull. 149, Plate I, 
*Tllustrated in Farrington’s Meteorites, “4 *. 


* See Chemical Analysis by X-Rays and i 
p. 283, McGraw-Hill, New York, 1932. 
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opinion, it is in all probability a “sow,” “salamander,” or “bear”—in other words, 
a furnace product. 

99 South Raymond Avenue, Pasadena, California 
Secretary's Office: Nininger Laboratory, 1955 Fairfax Street, Denver, Colorado 
Editorial Office: Department of Astronomy, University of California at Los Angeles 





Meteor Reported by a Sixteen-year-old Observer 
I was counting Geminid meteors between 9:00 and 10:00 P.M. on December 11. 
At 9:45 I saw a very brilliant meteor. It appeared in Taurus going westward 
below Cetus where it ended near Mira. It was blue-white. It stopped as if it had 
hit something with a sudden bounce. I waited for a noise but there was none. It 
seemed at least one-fourth the size of the full moon. I had never seen one so 
large and bright before. I thought it was wonderful. 


. . MARGERY JONES. 
Hines, Harney County, Oregon. MarcERY JONES 


Notes from Amateurs 





Amateur Astronomers Association, Pittsburgh, Pennsylvania 

The December meeting convened at the downtown Y.M.C.A. The feature of 
the evening was “Amateur Eclipse Movies” followed by excellent movies in full 
color of “A Trip Through Alaska and the Northwest” by Sam Arnold III. Genial 
Sam takes the finest films we have ever seen. They are of professional quality, 
Many interesting announcements were made—one concerning the 200-inch telescope 
mounting. If you live in this section of the country and are interested in astron- 
omy, get in touch with Leo J. Scanlon, Secretary, cr S. S. Weisiger, Jr., President. 
You will then receive notice of meetings and other activities. 


14 Lincoln Drive, Cleveland, Ohio. Don H. Jounston. 





Cleveland Astronomical Society 

Dr. J. J. Nassau spoke on “Siars and the Seasons” at our meeting under the 
new Hanna Star Dome at the Cleveland Museum of Natural History Friday eve- 
ning, January 15. The feature of the lecture was, of course, the Museum’s Star 
Dome completed just recently. It is the gift of Mrs. Paul Moore of Convent, New 
Jersey, in memory of her father, Mr. Leonard C. Hanna. It shows the principal 
constellations without too much confusing sky detail. 

The dome is of solid copper, 16 feet in diameter, and is made in twenty-four 
sections bolted together. It weighs one ton. The underside is painted a dark blue- 
black and the top surface is tinned to prevent corrosion, After the dome was set 
in place Miss Dorothy A. Treat and Harold L. Madison, Jr., worked for over 
two months accurately placing 48 different constellations which are to be seen in 
our Cleveland sky during the year. Each constellation was given as many different 
settings as there are months in which it is visible in this latitude. The Big Dipper 
in the northern sky, for example, had to be separately located 12 times, while 
Scorpio, low in the southern sky, appears only 5 times. In all, there are 2844 stars 
in the dome. 

A clock-face switch controls the current to the lights behind the perforations 
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in the dome. Thus the positions of the stars each month or can be 


altered at will for the sake of demonstration as Dr. Nassau did during the progress 





of his lecture. In other words the sky dome shows 250 stars at one time. 3y 
changing the switch it shows the appearance of the sky two hours later. There 
are twelve positions of the switch for the twenty-four hours of the day and night, 
or, we may say, the twelve possible views of the sky for the twelve months of the 
year. 

Thus comes true a dream of twenty years of Harold L. Madison, Director of 
the museum. Dr. Nassau deserves much credit for his advice and help which 
smoothed out many hard problems in this unusual undertaking, 

1 Cleveland Museum of Natural History, Cleveland, Ohio, issues a pocket 
guide to astronomy of great value. It contains star maps for the year. Fine for 





those using field glasses. Ask for “The Hanna Star Dome” by Dorothy A. Treat 


and enclose 25c and 3c post 


14 Lincoln Drive, Cleveland, Ohio, 


age, 


Don H. JoHNstTon. 


Markings on the Planet Venus 


The average telescopic observer of the planet Venus sees it as a brilliant 





yellow-white object exhibiting nothing more interesting than phases similar to 
those of the moon. Due to incorrect preparations for observations of Venus, and 
the intense contrast with the sky, bringing on eye-fatigue, the amateur rarely 
notices any markings on its surface. Moreover, if he does see markings, he often 


1 


attributes them, due to their hazy, indeterminate and wraith-like character, to his 





own imagination. However, by process of trial and err » author has succeed 





ed in developing a method of observation whereby undoubtedly mostly 
cloud formations, can usually be delineated upon the planet’s disk; and has com- 
pleted a series of sketches of Venus showing the general character of the visual 
markings observed. 

Primarily, the hours of observation are important. Venus being very difficult 
to find at midday without setting circles, the hours of from 4:00 to 6:00 P.M. 
throughout November and December of 1933 were discovered to be the next best 
period. The closeness of Venus to the horizon, and the corresponding increase in 
“boiling” and distortion of the image, due to looking through more atmosphere, 
coupled with the great contrast of the planet to the deep-blue sky, dull the eye to 
the fine, misty nature of the markings. It was found, as suggested by Barnard, 
that singularly fine definition accompanied slightly hazy or dusty weather; due 
probably to the augmentation of scattered sky-light, and the dimming of the bril- 
liant Venusian image. 


A 3-inch refractor of 41 inches focus was used; the usual magnification be- 





ing 164X. The main feature of the writer’s ] as the use of a Wratten K1 or 


K2 gelatine filter at the objective, which was 





gmmed down to one and one- 
half or two inches aperture, depending upon the seeing. A dew cap ten inches in 
length excluded extraneous light, and a camera cloth covered the observer’s head. 
On several occasions a diagonal prism was also used to cut down the light of 
Venus, 

» markings observed — 
ie markings observed were el 


position perpendicular to the terminator, anc 


In general, tl ngated, dusky figures favoring a 
usually much denser along it. How- 
| ) 


| 
i 
ever, their transient nature and hazy, shaded quality denotes them as probably be- 


ing dark clouds or rifts in a dense atmosphere, for the most part. The most strik- 
ing feature was the intensely white region around the southern pole from Novem- 
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ber 27 to December 16. This had the appearance of a large polar ice cap (if such 
were possible on Venus!) extending to perhaps seventy or eighty degrees latitude, 
Over a period of days it changed in shape and size, indicating that it probably was 
a cloud formation which would, of course, appear black and foreboding to an 
observer on Venus. On November 28, two similar, but much smaller, oval white 
spots were observed at the northern pole. It is interesting to note here that, in 
commenting on similar formations observed by Schr6éter and Trouvelot and pho- 
tographed by himself in ultra-violet light, Professor Frank Ross suggests that they 
mark the atmospheric poles of the planet. 

At all observations the terminator was intercepted by dark, but apparently 
regular, and almost sharp indentations, which blended into the hazy markings, 
making that region always much darker than the limb of the planet. On Decem- 
ber 4, a brilliant point of light was observed just on the dark side of the planet 
about a degree from the terminator at the southern pole. This was seen distinctly 
with two different evepieces and filters, and was probably due (as in the case of 
points of light along the terminator of the moon) to a mountain peak on the dark 
side just catching and reflecting the sun’s rays of light; or, more likely, to some 
exceptionally high mass of clouds reflecting the light from their dense summit. 

Epwin P. MArztz, Jr. 

726 N. Elmwood Avenue, Oak Park, Illinois. 





Asteroid Notes 
By HUGH S. RICE 


The year 1937 will not be very favorable for asteroid observers with small 
telescopes as there are to be few bright asteroids observable. Three of the “Big 
Four” come to opposition, in the following order: 

3 Juno, opposition March 25, magnitude 9.3. 
2 Pallas, opposition July 10, magnitude 9.2. 
1 Ceres, opposition August 21, magnitude 7.8. 

4 Vesta, the remaining member of the “Big Four,” was in opposition on 
December 31, so it is still observable. Juno, Pallas, and Ceres are all fainter this 
year than their mean magnitude, and Ceres, the brightest of the three, will be too 
om northern stations. Juno has already 





ion 





far south for convenient observ fr 
been observed (Dec. 25) at Rutherford, and follows its ephemeris perfectly. Both 
Juno and Pallas will be well placed for observation. 

Vesta is a bit east of the famous star cluster Messier 35 in Gemini, during 
February. It has been watched carefully by our expert observer, Morgan Sanders 
in Baltimore. He has seen it on 36 different dates between October 21 and Janv- 
ary 16. First picked up from positions given on a postal card, it was kept in sight 
on good nights while it was moving direct, then at stationary point, and later in 
retrograde movement. It will reach another stationary point February 17, after 
which it goes direct again and continues to retreat. The magnitude for the month 
averages 7.2. 

Juno during February moves in a northwest direction in Virgo, passing by 
y Virginis on the 18th, and just southwest of this star. This planet, together with 
Vesta and Chaldaea can be reached with 2-inch telescopes, but Juno is not easy 
with this aperture, at this apparition. It is commonly at the limit of vision of the 
writer when using 50-mm Zeiss binoculars. It is also a coincidence that the limit 
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of seeing of these glasses corresponds to the limit set in the Beyer-Graff star 


It is interesting to note that Mr. Sanders made 80 observations of planet Iris, 
starting with the charted path 


f August 20. It followed the course as laid out, 
perfectly, and finally ran off the chart and was lost in the middle of January, “The 
most interesting feature,” he writes, “was - passing around ¢ Tauri, and between 
that beautiful double and the star [7™.7] about 12’ to the east. Complete passage 
around, 180°, I made from October 12 to 24.” 

The only particularly noteworthy opposition of the asteroids for the year is 
that made by 433 Eros. Its closest approach for this apparition, however, will not 
occur until early in 1938, at which time its theoretical magnitude will be about 7.5 
During this exceptionally close approach Eros will at times get as high as 62 
north of the equator. 

A stu 


1 


veals that 





1 e 1 


of the opposition-ephemerid f the 1380 numbered asteroids re- 
of them will be brighter than magnitude 10.0. We hope to publish 
their ephemerides (with few exceptions) in these notes. 


dy 
5 


The four ephemerides given below are the best prospects at this time. Per 
turbations are taken into account with great exactness in the cases of Juno and 
Vesta (computed by V. Hase and B. F. Bawtree, respectively) in calculating their 
ephemeri "ti The positions of 313 Chaldaea are derived from new elements, per- 
turbations by Jupiter being taken into account. The ephemerides of Chaldaea and 
Ilmatar are from the Astronomisches Rechen-Institut. 





EPHEMERIDES OF ASTEROIDS 
Equinox 1925.0, 0" U.T. 


4 Vi STA (7M_2) 3 TUNO (9M.4 ) 
a 0 1 (9) 
h m ! n 

Feb. 4 6 10.1 +24 10 Feb. 4 12 41.5 3 16 
12 6 7.4 24 28 12 12 40.4 2 36 
20 6 6.9 24 44 20 12 37.9 1 44 
28 6 8.4 24 59 28 12 34.0 — 0 43 
Mar. 8 6 11.9 25 10 Mar 8 12 28.9 + 0 25 
16 6 17.1 +25 20 16 12 23.0 1 1 38 

385 I-MATAR (9,7) 313 CHALDAEA (9M,1) 

a t) a 0 
Jan. 27 16 7.2 +22 25 Feb. 4 10 24.7 z a 
Feb. 4 9 59.7 22 32 12 10 19.8 — 0 44 
12 5 31.2 22 33 20 »«=©10 13.8 0 52 
20 9 42.5 22 26 28 10 7.9 2 41 
28 9 34.3 22 9 Mar. 8 10 2.8 4 32 
Mar. 8 9 27.3 +21 43 16 9 58.9 6 18 

Var. —8°8 Var. —2°5 


Ilmatar, for 3- to 6-inch glasses appears at the opening of the sickle of Leo, 
and about 33° southeast of € Leonis on the evening of February 11. This planet 
was discovered by the famous Max Wolf of Heidelberg. As to 313 Chaldaea, it 
ild be stationed in mid Sextans on the evening of February 11, about 2° west 
iB Sextantis, and within the triangle formed by a, 8, 4. 





It is expected that these notes will continue as r¢ gularly as possible, and they 
will probably appear about 0.9 of the time; more charts will be published, also, in 
the future. 


Hayden Planetarium, American Museum of Natural History, 
New York City, January 24, 1937 
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General Notes 


Dr. Richard Prager, formerly a member of the staff of the observatory at 
Neubabelsberg and for many years in charge of the valuable compilation of vari- 
able star elements and predictions, has changed his residence to Potsdam, Grosse 
Weinmeisterstrasse 15. 





The Rittenhouse Astronomical Society of Philadelphia held a meeting of 
the Society on Friday, January 8, in the Hall of The Franklin Institute. The pro- 
gram following a dinner consisted of the inauguration of Mr. W. H. Fulweiler as 
President for 1937, and an address by the retiring president, Dr. Henry V. Gum- 
mere, Director of the Strawbridge Observatory of Haverford College, on the 
subject, “Universes: Old and New.” 





Tables for Free Distribution 
Dr. L. J. Comrie has for free disposai 1000 copies of his Four-Figure T ables 
of the Natural and Logarithmic Trigonometrical Functions with the Argument in 
Time, published in 1931 as a supplement to the Standard Four-Figure Mathemati- 
cal Tables (Macmillan, 1931) that he produced with a collaborator. Applications 
should be addressed to him at 131 Maze Hill, Blackheath, London, S. E. 3. 


Astrophysical Monographs 





The Editors of The Astrophysical Journal wish to announce the beginning of 
a new series of Astrophysical Monographs which will form a gradually expanding 
library of modern astrophysics. Each monograph will be an exhaustive summary 
of a limited field of knowledge intended not only as a reference volume for in- 
vestigators but also as a manual for teachers and advanced students. The first 
two monographs will be issued early in 1937: The Masses of the Stars by Pro- 
fessor Henry Norris Russell, of Princeton University, and Methods and Results 
of Statistical Investigations Concerning Stellar Distribution by Professor Bart J 
Bok of Harvard University. Arrangements are under way for a monograph on 
the spectra of variable stars by Dr. P. W. Merrill of the Mount Wilson Observa- 
tory. Other issues will contain summarizing articles on the formation of absorp- 
tion lines in stellar spectra, interstellar absorption, problems of stellar constitution 
and evolution, galactic star clusters, double stars, fundamental stellar photometry, 
etc. The University of Chicago Press (5750 Ellis Avenue, Chicago, Illinois), 
which is publishing the monographs on a non-profit basis, wishes to make then 
available to individual workers and is therefore inviting advance subscriptions ot 
one of three plans: A. To new subscribers to the Astrophysical Journal: half a 
year’s subscription to The Astrophysical Journal, plus two monographs, for $5.00. 
B. To old or new yearly subscribers to The Astrophysical Journal who order the 
monographs separately: $1.75 for each of the two monographs. C. To non-sub- 
scribers who order only the monographs: $2.00 each. The final published price of 
the two monographs will be $2.50 each. 

Summer Conferences on Astronomy at Harvard 

Between July 6 and August 13, 1937, a series of Astronomical Conferences 
will be held at the Harvard Observatory, Cambridge, Massachusetts. The present 
plans call for three series of twelve seminars each. Prof. Donald H. Menzel of 
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Harvard has chosen as his special subject “The Sun”; Prof. John C. Slater of 
Massachusetts Institute of Technology will speak on “An Introduction to Quan- 
tum Mechanics”; Prof. Howard C. Robertson of Princeton will discuss “The Prin- 
ciples of the Theory of Relativity.” The last two lectures will deal in particular 
with the astronomical implications of the Quantum Theory and the Theory of 
Relativity. Professor Dirk Brouwer of Yale, Brian O’Brien of the University of 
Rochester and Bart J. Bok of Harvard will take part in a composite course on 
“Topics in Astronomical Techniques”; the names of two additional lecturers for 
this course will be announced. Prof, Sidney W. McCuskey of Case School of 
Applied Sciences will be in charge of the general descriptive course in Astronomy. 

Prof. Harlow Shapley will again organize a series of Hollow Square Confer- 
ences on miscellaneous topics of astronomical interest. Current astronomical re- 
searches will also be discussed in weekly Colloquia and special lectures by mem- 
bers of the Summer Conferences of Astronomy and distinguished visitors. Fur- 
ther information concerning this series of Summer Conferences may be obtained 
by writing to the Harvard Observatory. A pamphlet with a complete description 
of the plans for the summer of 1937 will shortly be ready for distribution. The 
Harvard astronomers hope that several of their colleagues at other observatories 
will again take part in the conferences. 


The True Law of Distances of Planets and Satellites* 

Many writers express the laws of planetary distances without taking into con- 
sideration the conditions which influence the celestial mechanism. Therefore the 
empirical law of Bode cannot correspond to the cosmic reality, for it misled Lever- 
rier in 1846 by indicating 38.8 instead of 30 for the distance of Neptune. On 
the other hand, it gives very exactly the distance 5.2 of Jupiter, but it gives a dis- 
tance 10 for Saturn, which is somewhat too large. This is impossible according 
to Laplace who has demonstrated that these two giant planets have a libration’ 
which causes them to recede from or to approach each other at the same time. In 
the past these two planets have had to undergo fewer perturbations than planets of 
small mass. For this reason I have adopted a law which gives exactly the dis- 
tances of Jupiter and of Saturn. 

But that is not sufficient. It is necessary that the same law apply equally well 
to satellites as to planets since the three laws of Kepler and Newton’s law apply 
to these two categories of celestial objects. Finally, it is necessary not only to 
announce but to demonstrate the form of the law in precisely the cosmic conditions 
which have given rise to it. It is this which I have done in the Note which the 
celebrated mathematician and astronomer, Henri Poincaré, was willing to present 
to the Academy of Sciences of Paris on December 4, 1905. I start with the suppo- 
sition that our planetary system owes its origin to the encounter of a giant body 
which later became the sun with a nebula sufficiently dense. In this encounter, 
similar to that of a Nova, there is produced a pulsation which periodically swells 
the equator of the giant body and causes it to send out at each pulsation an equa- 
torial ring. This ring, impelled by the motion of the parent body, is projected 
within the nebula where it dilates in going toward the first ecliptic. What would 
be the law of this dilation of the planetary rings? Let us project in the air a ring 


of smoke which goes out from a box the cover « 


f which, pierced with a hole, is 
*Translated from the French by Gertrude Gingrich. 
* The libration is such that the masses m and m’ to the distances a and a’ obey 
the formula m:a-+ m’:a’ = constant. 
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pulled down suddenly. It is easy to show and to verify that the meridian envelope 
of all the positions of the dilated ring is a logarithmic curve. I have assumed this 
same curve for the dilation of planetary rings, and as they move out from equi- 
distant positions in the nebula their radii in the plane of the ecliptic are different, 
When one makes the calculations one finds the exponential law of the distances: 


Xn = 62.3+ 1.886" (in solar radii) or 
Xn = 0.29 + 1.886" : 214.95 (in astronomical units) 


For n= 11 and n= 12 one finds very closely the distances of Jupiter and of 
Saturn. As the theory of stellar evolution of Russell indicates, the primary sun 
was a giant star of radius 62.3 times as great as that of our sun. 

For Pluto (n= 15) the law gives the distance 62.44. This is exact only when 
the planet is in the ecliptic, and we know that the orbit of Pluto has a radius- 
vector of only 39.7 at the time when the planet is at an angular distance of 17° 
above the ecliptic. 

COMPARISON OF COMPUTED AND OBSERVED DISTANCES 
. Solar System ——— ———— Saturnian System ——— 
Xn = 0.29 + 1.8669/214.95 A.U. Xn = 0.1 + 1.3119 ALU, 
Planet Computed Observed Satellite Computed Observed 
{ 0.2946 ee 
Zodiacal | 0.2988 Ring C 1.411 
Rings | 0.3065 Ring B 
| 0.3212 ; Ring A 
0.3488 Mimas 
Mercury 0.4010 ; Enceladus 
0.4994 Tethys 
Venus 0.6849 ; 7 Dione 
Earth .0348 Rhea 
Mars .694 
Ceres, etc. .939 
Jupiter .2025 5 Titan 
Saturn 547 Hyperion 
Uranus 2 
Neptune 33.25 30.109 
62. 5 Japetus 
117. ; 
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Phoebe 225.03 214. 
The tables of the distances of the satellites show that our law applies equally 
well to these bodies as to the planets. One notices the remarkable agreement which 
exists between the planetary system and the system of Saturn. This is due to the 
fact that the axis of Saturn and that of the translation of the parent sun form 
the same angle of 28° with the axis of the ecliptic. The first term in the law of 
distances of the satellite gives the first radius of each planetary whirl; for each 
ring, through the swiftness of the nebula condenses into a single planetary whirl. 
For n= 10 one finds that there should be in the ecliptic a planet at the dis- 
tance of 2.939, But this ring in rising in the nebula was broken into small pieces 
and repelled by the enormous repulsive force of the parent body, nebulous masses 
similar to those which one sees diverging about the Novae. k 
In summary the very simple mechanism of the striking together of a giant 
sun and a nebula explains at once the phenomena of the Nova and the law of dis- 
tribution of planets and satellites. 
EMILE BE ort, 
Vice-president of the Astronomical Society of France. 








